
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB009682

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
only; Test and Evaluation; MAY 1975. Other
requests shall be referred to Air Force
Armament Development and Test Center, SD102,
Eglin AFB, FL 32542.

afatl ltr, 3 oct 1977







-UMILASSIELEDL 
SECURITV   CLASSIFICATION  OF   TH;S  PAGE CWl«n  D«/. Kntflt) 

REPORT DOCUMENTATION PAGE 
1-    REPORT  NUMBER 

RF.AD INSTRUCTIONS 
BEFORE COMPLETING FORM 

ADTC-TR 75-20 (AFATL-TR-75-114) 
2   GOVT   ACCESSION NO 

«■    TOLP I'llllll  »iiluiid | 

QF/£QjVMp2 JARGET^YSTEM,_PROJECT PAVE DEUCE' 

I^^NT'S CO'AuOG  NUMBER 

i   *l   I I  L   Li >   W 

Final Repmt. 
_   Mar^ ^73^» Apr» #7 

»i     «UPMUH 
Eugene 
Frank C 
Elmer^/l 

L.^/lcCormack,/L 
./Halstead/TTco 
littwoch / 

u. wtnr 

Lt Col, USAF 
I, USAF m 

9^   PER'ORMING ORGANIZATION  NAME  AND ADDRESS 
Deputy for Armament Systems (SD102 SPG) 
.Armament Development and Test Center 

8.    CONTRACT OR GRANT  NUMBERC* 

Fd8635-73-C-01O0 «y N1 'jJ 

'0,    PROGRAM  ELEMENT, PROJECT    TASK 
AREA  4   WOPK   UNIT/NUMTäjOS  '     >■ 

Eglin Air Force Base, Florida 32542 
PMD, R-P 21 

AFSC DD 19 
3232^/B0lVI-1O2; 

It,    CONTROLLING OFFICE NAME  AND ADDRESS 
Armament Development and Test Center 
Air Force Systems Command 
Eglin Air Force Base, Florida 32542 

V^> fi  Bijimuunu i mmSffijm   n .     j      ^   -^fe=fc=——'  

Distribution limited to CfrS. Government agencies only; this 

;L ASS.  fcl 11,1s rnrnrt) 

UNCLASSIFIED 
'5«.    DEC ASSIFICATION   DOWNGRADING" 

SCHEDULE 

distribution limitation applied May 1975. -^^toTTJSSS^täSIZT' 
the Armament Development and Test Center (SD102), Eglin Air Force Base, Florida 32542. 

  
{♦r    DISTRIBUTION  STATEMENT (ol ,h» ahstracl entered In Btnck 20.  it dlllerenTlröm Hep^T) 

\; 

18.    SUPPLEMENTARY NOTES 

Available in DDC. 
; 

19.    KEY WORDS CCon(/niie on reverse side it necensarv ami idenlllv bv block m.-mher) 

Target System Afterburning Target 
De-manrated Maneuverable Target 
DIGIDOPS 
Full-Scale Target 

0.    ABSTRACT CConllnue an reverse side It necessary and Identify hy block number) 

The PQM-102 Target System consists of a de-manrated QF-102, Mobile Ground Station   Fixed 
around Station, and peculiar aerospace ground equipment.    It was designed to provide a full- 
scale, supersonic target with afterburning capable of:    (1) performing 8g maneuvers. (2) perform- 
^nm3? f'^e'^'oP6 ^m 200 feet to 55,000 feet, and (3) maintaining Mach 1.19 at 
35,000 feet straight and level.»» 

The e"9'neering development was \ducted at Crestview, Florida, and Holloman Air Force Base 
New Mexico.   The DT&E/IOT&E Flight Test Program was conducted at Holloman Air Force Base 

DD   1 jAN 73   1473 EDITION OF  I NOV 65 IS OBSOLETE L jjJUA  spHG UNCLASSIFIED  
TOS   O       r£j SECURITY CLASSIFICATION OF THIS PAGE (When Data EnSKmn 

t. 

m 

.-.u.;:,.: BfMHVKMWfKIMMB^ 



UNCLASSIFIED 
SECURITY CLASSIFICATION OF  THIS PAGECWien Data Entered) 

Item 20 (Concluded): 

between 20 January 1974 and 7 November 1974.   The Flight Test Program consisted of 
engineering evaluation flights, reliability flights, QF/PQM record flights, and an evaluation 
of the complete target system.   The tests demonstrated that the PQM-102 de-manrated 
concept is reliable, the system can be utilized to provide presentations up to and including 
8g, and is maintainable and operable by the contractor in an operational environment. 

The system description, development engineering, test objectives, evaluation, record 
flight data, and findings are presented in this report. 

, HliS , . i   _ sur. »«"i 

1 iißllflCMM»  

:  

UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGEfHTian Data Entered) 

.■    ' ' ■ '     .    A'V- m ■ 'HU'«, -"i,—'nr- 



PREFACE 

.    .Jhn^C^ooai report covers work Performed in support of the PQM-102 Taraet SvstPm 
?SVD 0e2HQMnp102tS^SteA Pro9ram c

0ffice tredesignated Aerial Targets iVstmpIo?! Of^e 
ii? Fnrll' R   P ?< f^ ArrarTient Svstems' Armament Development and Test Center   Eg in 
Air Force Base, Florida, during the period 31 March  1973 through 1 April 1975. 

Contract No^oSSTr mm9 S ^T ^ ^LI^lj^ Systems, Phoenix, Arizona, /   i 
uoniract IMO. hUöbJb-73-C-OIOO.   Subcontractors were Fafrchild Industries  Crestvipw   FlnriHa^ \ 

Ä rSfornia0™0; HiShear r ^ ,Vir9ir; IHvdroAire DivS'^Nhe t^Compan^ ouroanK, uäiirornia, and Hi-Shear Corporation, Torrence, California. ' 

The program monitor for this technical report was Elmer Mittwoch (ADTC/SD102). 

Personnel responsible for management, testing, and acceptance were as follows: 

Robert L. Loukota, Colonel, USAF, Director, Aerial Targets System Program Office 

Alto F. Smith, Deputy Director, Aerial Targets System Program Office 

Eugene L. McCormack, Lt Col, USAF, Test Director and Acceptance Pilot Aerial 
Targets System Program Office ' 

Frank C. Halstead, Lt Col, USAF, Test Director, Air Force Special Weapons Center 

The Aerial Targets System Program Office gratefully acknowledges the Air Force Soecial 

Än8iSr?e
rtIri?HPi??8,äna,ir' ?lanning' interface with the White Sands Mlsile'Range and the contractor, and m-depth evaluation of test data. 

This technical report has been reviewed arid is approved for publication 

ÄÄÄÄL      Äri
DSäUSAF 

Deputy for Armament Systems ( 7 y ^J 

(The reverse of this page is blank) 

■ ■ ü^WWWP --mt<mm^m*mi»^cm 
....■■....■ 

rywf. •a^^yrpy-' .mm—^r 'fj.'; ■■J^^a 
'r t ■ '"f*sr 



TABLE OF CONTENTS 

Section 

III 

IV 

Appendix A 

Appendix B 

Appendix C 

Appendix D 

Appendix E 

Appendix F 

Title Page 
INTRODUCTION 
     1 

BACKGROUND   
1. Introduction  • 
2. Significant Program Events .....                          ~ 
3. System Description                                                3 

4. QF/PQM Peculiar Spares  3 

5. QF/PQM-102 Peculiar Aerospace Ground Equipment(AGE)"   ." 13 

DT&E/IOT&E  
1. Introduction              18 

2. Milestones - Scheduled Versus Actual  Jo 
3. Engineering Development - Phase I „ 
4. Engineering Development- Phase II ii 
5. Flight Test Program - Phase Ml 2 
  36 

EVALUATION  
1. Introduction    52 

2. Peculiar Systems   .....   52 

3. Maintenance          ^2 

4. Operations.   . 102 

108 

FINDINGS AND RECOMMENDATIONS 
1. General .    .                                            124 

2. FCSS    ■...".'!.".■.".■  124 

3. Maintenance  124 

4. Operations                  125 

5. Summary - PQM-102 Concept         !S          126 

LIST OF ABBREVIATIONS AND ANCRONYMS         ^g 

MISSION LOG    . 
         131 

DATA ANALYSIS METHODOLOGY 
  loo 

AGENCY AGREEMENTS . 
              204 

PQM-102 TARGET SYSTEM RELOCATION  217 

FINAL TEST REPORT OF QF/PQM-102, PROJECT PAVE 

        219 

SAFT "H0UR FLIGHT TEST PLAN F0R ^^-m 
S   °"             230 

1» .iB.'l'imjlii 



Figure 

1 

2 

3 

4 

7 

8 

9 

10 

11 

12 

13 
, 

14 

17 

21 

22 

23 

LIST OF FIGURES 

Title Page 

PQM-102 Drone  4 

PQM-102 Target System Configuration  5 

QF-102 Landing (with Mobile Ground Station)  6 

Mobile Ground Station  6 

Fixed Ground Station Console  8 

Fixed Ground Station Console with Plot Board (Ground Track)   . 8 

PQM-102 Pallet (LEROI)  9 

Maneuver Programmer  9 

DIG IDOPS Scoring Antenna  11 

Smoke Nozzles  11 

System Test Bench  14 

Premission Test Stand  14 

Engine Control Unit  16 

Brake Control Test Set  16 

Radar Simulator  17 

Target Group Simulation  17 

Test Flight Profile I  45 

Test Flight Profile II  45 

Test Flight Profile III  46 

Test Flight Profile IV  46 

Test Flight Profile V  47 

NULLO No. 1 and NULLO No. 2  49 

NULLO No. 3  49 

IV 

^ife.        ■ * 
-T-r-7- 

■ JJi '  
1 1 1    i.1—r- 

■ '  

T-— 



—•     i in ii iin—ii imm 

Figure 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

36 

37 

38 

41 

42 

43 

44 

45 

LIST OF FIGURES (CONTINUED) 

Title Page 

NULLO No. 4  50 

NULLO No. 5  50 

NULLO No. 6, NULLO No. 7, and NULLO No. 8  51 

Pitch Attitude Hold Accuracy  55 

Altitude Hold Accuracy  56 

Statistical Analysis Altitude Hold  57 

Altitude Hold Accuracy - High Bank Angles  53 

Altitude Hold Accuracy - 75 Degrees Bank Programmed 
Maneuvers          j-q 

Airspeed Hold Accuracy  6Q 

Mach Hold Accuracy  g1 

Bank Attitude Hold Accuracy  53 

Heading Hold Accuracy  64 

Maneuver Programmer (Entry Altitude) e? ' '  D/ 

Maneuver Programmer (Entry Airspeed)  68 

Maneuver Programmer - Bank Accuracy (Prior to Modification).   . 69 

Maneuver Programmer - Bank Accuracy (Subsequent to Modification) 70 

G-Buildup Rate (Prior to Modification) 71   /| 

Maneuver Programmer - g Accuracy  74 

All Altitude Recovery System   .   . -,c   /o 

Low Altitude Maneuver Programmer Operation  77 

Automatic Takeoff Logic Flow Diagram   .... 73 

Loss of Carrier Logic Flow Diagram  80 

-——-—— 

4 "■■ 
-j.B-inj.iip,» 



Figure 

46 

47 

48 

49 

50 

51 

LIST OF FIGURES (CONCLUDED) 

Title Page 

Data Loss Summary         88 

POM-102 Safety Boundary with Timer Setting of 10 Seconds, 
Altitude of 20,000 Feet, and Velocity of 625 KTAS ......       114 

POM-102 Safety Boundary with Timer Setting of 18 Seconds, 
Altitude of 17,000 Feet, and Velocity of 575 KTAS        115 

POM-102 Safety Boundary with Timer Settings of 18 Seconds, 
Altitude of 57,000 Feet, and Velocity of 575 KTAS        116 

Holloman Air Force Base Building 901        119 

POM-102 Operations, Building 901        119 

Table 

1 

2 

3 

4 

5 

6 

9 

11 

LIST OF TABLES 

Title Page 

OF-102A/POM-102A Target System Program Milestones  20 

Specific Objective Matrix  39 

FCSS Performance Results under Direct Control  54 

Programmed Maneuver Entry Parameter Summary  65 

G-Performance Following Artificial Feel Modification  73 

Channel Assignments for Proportional and Discrete Uplink Commands 82 

Channel Assignments for Proportional and Discrete Downlink    ■   . 
Commands         83 

System Test Bench Demonstrated Test Capabilities  91 

System Test Bench Test Equipment Requirements  93 

PMTS Maintenance  95 

Engine Control Panel Maintenance  97 

vi 

■^'n'HITnnj|am UM» 
;—'.;■ 

■yynpp 

— '■I'limwimiiiiiliiMiii 



Table 

12 

13 

14 

15 

LIST OF TABLES (CONCLUDED) 

Tit,e Page 

High Velocity Air-Launched Rocket (HVAR) Miss Distances (Feet)        99 

AIM Miss Distances (Feet) ... 
  99 

Destruct System Debris Scatter  

List of Premission Tests  
  I v\5 

Premission Test Equipment    .   . inir         lUo 

i VII 
(The reverse of this page is blank) 

•. ■' ■• ■ 

-«(-—»tr—r w 



SECTION  I 

INTRODUCTION 

(10 January to 7 November 1974)   and Si .h^NMMn ^r uForCe Base' New Me,<ic0 

missile firings (8 November 1974 '.o 3? £LZ WH       g      '" SUPPOr, '" l0T&E 

The government conducted all tests associated with the QF/PQM mo  rw,..,.. <:   . 
antenna pattern measurements, and determination of gyo behavior at vari™,f,in    Vfm' 

du in9
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executive management, funding, acceptance pilot, and final test report 

Force Contract Management Office administered the contract ai Holiöman Ai   Fnr JB 
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SECTION  II 

BACKGROUND 

1.     INTRODUCTION 

The purpose of this technical  report is to provide a description of the PQM-102 Target 
System; data on engineering development conducted at Crestview,  Florida, and Holloman 
Air Force Base, New Mexico; an evaluation of the target system; and flight test data on 
QF/PQM-102 record flights at Holloman Air Force Base. 

The target system was developed for the Armament Development and Test Center 
iADTC),  Eglin Air Force Base,  Florida, by Sperry Flight Systems, Phoenix, Arizona. 
Subcontractors were Vega Precision  Laboratories, Fairchild Industries, Hydro-Aire Division 
of the Crane Company, and Hi-Shear Corporation.    The DT&E/IOT&E program consisted 
of three phases. 

Phase I, initial engineering development, was conducted under PQM-102 SPO management 
at Crestview, Florida.    This phase primarily  involved the modification of three basic F-102 
aircraft into QF-102 test beds for evaluation of: (1) flight worthiness of electronics in the 
Flight Control Stabilization System  (FCSS); (2) aircraft/FCSS interface; (3)  premission test 
stand procedures and aircraft interface; (4) ground flight test procedures; (5) anti-skid brake 
system; and (6) visual augmentation (Smoke).    During this phase 23 engineering test flights 
were conducted. 

Phase II, engineering development, was conducted at Holloman Air Force Base during 
the period 10 January to 7 November 1974.    This phase was continued simultaneously 
with the Flight Test Program (Phase III).    The Holloman Air Force Base engineering 
effort required 73 additional flights for further refinement and evaluation of the stub 
antenna configuration; backup FCSS; high and low altitude maneuver programmers; scoring 
(DIGIDOPS); visual augmentation (Smoke); and upgraded transponders.    A total of 96 
engineering flights were required.    The flight test program included the conduct of 13 
QF-102 hands off reliability flights (7 before the first QF-102 record flight)   16 QF-102 
record flights, and 6 PQM-102 record flights. 

Due to deficiencies within the FCSS portion of the target system, three additional 
record flights (two QF/one PQM) were needed to successfully demonstrate that all of 
the Statement of Work (SOW) objectives had been met.    Additionally, other flights were 
flown to verify the existence of a reliable full-up target system, practice pattern/profiles 
prior to record flights, and satisfy pilot proficiency and functional check flight requirements 
Excluding pilot proficiency, 182 flights were flown at Holloman Air Force Base in support 
of the DT&E/IOT&E program which concluded with the conduct of OF  Record Flight No 
16 on 7  November 1974.    Between 8 November 1974 and 31 January  1975 an additional 
32 flights were flown to support the follow-on IOT&E program.    A total of 214 flights 
were flown in support of DT&E/IOT&E. 

T*r-—TB-T-W" 
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2.    SIGNIFICANT PROGRAM EVENTS 

Contract Awarded    .... TI  M IQ 

First Engineering Flight, Crestview,' Florida   '.   '.  97 c?nT_K     -m™ 
First QF  Flight   Holloman Air Force Base, New Mexico   [   .   ]   '   ' fQ ^ ^v  19 4 
Design  Review II, Holloman Air Force Base    . oq £^107/ 
Reliability  Flights Started    .   .   2? ^f^J®74 

First QF  Record Flight  '   '   '       ' ol   M* Uli 
White Sands Missile Range Demonstration Flights'Started   !   ."   !   . 30 Zl    974 
Reliability Flights Completed .   . e V^   ^i** 
First PQM  Record Flight (NULLO)  ,! AU9USt Uli 
Last PQM  Record NULLO/First AIM 9^ Firing  OR Ä   K     l.. 
Last QF  Record Flight (DT&E Completed)   ? September 1974 Last NULLO ^ompieteo»  7 November 1974 

ADC Acceptance of QF/PQM-102 Target System.'   .' ]   \   *] ^^^ 

3.    SYSTEM  DESCRIPTION 

.ftoT!16 QF/PQM-102 T^9et System was developed to fulfill the need for a full-scale 
afterburning, maneuverable, supersonic aerial target.    It is composed of three basic 

Tr^h 1 {%i the.drc0ne SyS!em COnSistin9 0f a droned version o? the F 102 aircraft- 
2) the Mobile Ground Stat.on (MGS) which launches and recovers the drone   and (3) 

the Fixed Ground Station (FGS) which controls the target (Figures 1  and 2?'   Add 
fonally, the system includes six items of peculiar Aeros^ G^und E^pmentlAGE). 

a.    The Target System 

102     Th^PnÄ TST 0f two;vPes.of fli9ht vehicles:    The PQM-102 and the QF- 
lU^.    The PQM-102 is the unmanned version.    Once an F-102 is converted to a PQM 107 
it becomes de-manrated and is no longer used with a pilot unless it "se^anrated for 
ferrying purposes.    The QF-102 is a manned version of the PQM-102 and Ts used fo° 

to" LVrerV
Prtehrfta.i,0nS' CreWK training' and SVStem checkout-    Both vehiclL were modmed to carry the following subsystems: muumeu 

Flight Control Stabilization System (FCSS) 
Airborne Command/Control and Telemetry System 
DIGIDOPS Scoring System 
Anti-Skid Brakes 
Smoke Visual Augmentation System 
Destruct System (PQM-102 only) 
Various Antennas (DIGIDOPS and Telemetry) 

b.    Mobile Ground Station (MGS) 

recover/^, S^o^ Ä ^ ,0r '"^ 
^d decoding Tipmen,, and TcPR 'S^V^X^l S^ÄT^S 

radar K ava.rable for reacquBition within a range of 10 nautical miles (Figures 3 and 4) 
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r Fixed Ground Station (FGS) 

The FGS uses AN/FPS-16 radar«! 
console, UHF and VHF cLmunLtTn*   JrZ**™"! 1 comPosed * a dual unit contr 
initiation and telemetry S^^f^T^^J^^^^^ «>r command 

The system is composed of a dual unit control 

initiation and telemetry reception, a monitor test set an FR wnn^"""" ^ ww"wn 

format converters/modems for transmission nfTnLU * . 800 tape recorder, and 
The FGS is completely redundant aThas J »nnlTTA™ Kin9 ' t0 R-122/t23. 
16 (200 miles)  (Figures 5 and 6) ^ ^ POWer 0f the AN/FPS- 

4.    QF/PQM PECULIAR SUBSYSTEMS 

a.    Flight Control Stabilization System (FCSS) 

pallet iJn^MeTin'V^tllm3^'.!^''? ^ 7l    '" ,he QF-'02. «» 
FCSS by either ,he 5>SÄ eSSSf^Lft^    Commands «" be given ,o the 
panel installed in the CMkott    Thio»,«   !V, ,r0m a speclal remote «""»I data 
MGS and FGS and TutTL 2ÄS TSTPSS SS'S. ^^ '? *° 
on the eject on seat rails     Maior rnmnnnoJc        * . " tne KUIV|-10^ the pallet is msta led 
tion of their functions L as Slows a,ned '" the Pa,let and a brief <*****' 

(1)    Flight Reference Computer (FRC)    The FRC is thp hacir f\inh* «. ♦   i 

rrs;s^a^^ÄVtt4s 
number, a'nd SiÄ *SS' 'A KL™0 ?""*"* ^'^^ "»'^ <*** 
airspeed hoid, and aititude^, ^^Z^t^Z^Z^Z a^lLe,. 

necessary'^ en^a^Scl^riod«^? COn,ainS "f ,09iC a"d «"^ «^»V 
c^data lin'..Voeess ÄÄt ^Ä^^t.'Ä'r 

the back'up Ä.ÄÄltTJT;   The maneUUer Pr0=ram™r «««« 
programmable ^IsTJlZ^Z^Vn  Tim   S'T^!' rmandS-    The 

and airspeed commands (260 to 650 knots) as a funci™ ^       ängle l0,? +'M ^""^ 
The four programmable maneuvers are ob ainable   n ,*n   ^  KS "me "  ,0 " scconds)- 
singie-phase maneuvers, ail selectable ^IST«^ ^1)™"""^ " ,W0- 

(Army Ä-IM^T^Ä ÄTih^ l0WHa',i,UdJ manaU«r dro"-™' 
maneuvers (two basic maneuve^ and ^nl u     I    j   ground-settable, command-selected 
altitude maneuve^n ta Xtrt torn ehher'h   Ude r^T"'1    The P'O^mmaWe low 
radar altitude (0 to 2000 feeO for the nr^„, ,*'°™'"<: M'tute (0 to 10,000 feetl or 
of Mach number (0 fo 1) pitch up TMZT^TVT        f™™' *'"" a ^"iPation 
seconds! (Figure 8 "■ P,tch UP attitude (0 to 60 degreesi, and preset time (0 to 99 

■ "OttßfKK^tf^tMi— 







b. Backup  Power System  (FGS/MGS/PQM) 

The  FGS  is powered  by several  electrical  power sources.     Each  console contains 
several  power supplies dependent on commercial   115-volt AC, 60-cycle power.     In addi- 
tion,  two 28-volt  DC and   115-volt AC, 400-cycle sources are required. 

The MGS contains two independent gasoline-powered generator systems (6.5  kw) 
which  provide  115-volt AC, 60-cycle  power,   115-volt AC, 400-cycle  power,  and  28-volt 
DC  power.     Automatic/manual  switchover  is provided with ability to provide adequate 
power for continuous operation  of all  critical command-control  equipment. 

The  PQM-102 aircraft contains two  lead-acid, 24-volt,  36-ampere-hour  batteries 
in addition  to the basic  F-102  backup power systems.    The added  batteries provide a 
capability  to recover the target  in the event complete AC and  DC  power fails. 

c. DIGIDOPS Scoring System 

The  DIGIDOPS  (Digital  Doppler Scoring)  system  is used to  provide a digitized, 
scalar  miss-distance for missiles fired  at the PQM-102 aircraft.    The system consists of 
two  basic subsystems, a narrow pulse doppler raciar system  (on   1775  MHzj  and a UHF 
telemetry system  (1435 to  1540 MHz).     Four aircraft antennas are used  on the radar 
system  and  a dual antenna  is used  on  the telemetry system.    The  radar system, which 
transmits  RF  energy and  measures the resulting doppler frequency shift of the energy 
reflected  from the fired missile,  provides miss-distances in 5-foot steps from 0 to  100 
feet and  in  10-foot steps from   100 to 200 feet.    The miss-distance  information  is 
transmitted to ground receiving equipment via the aircraft UHF  telemetry  transmitter. 
On-board telemetry recording is not provided  (Figure 9). 

d. Anti-Skid Brake System 

In  order to obtain satisfactory  braking action on the PQM-102 aircraft, the 
basic  F-102 brake system  had to be modified.    Additions included wheel  speed trans- 
ducers,  solenoid shut-off valves,  brake  relay valves, a servo valve,  and  a control  box 
containing electronic circuitry.     Braking action  is accomplished by the  initiation of 
the brakes-on command via the normal  command system.    The system  applies the 
wheel  brakes in a manner which slows the aircraft at a constant rate of deceleration 
while continually compensating for any erratic rates of deceleration  (skids) after touch- 
down.     Stopping distances utilizing this system are typically shorter than  that obtained 
by  manual  braking action.    While each wheel  individually senses changes  in deceleration 
rates,  a composite command  is sent to  both  brakes to provide proper braking.    The 
system  does not compensate for small  variations in braking effectiveness of the individual 
brakes, and minor steering corrections  (via command system)  are required  to maintain a 
constant heading. 

e. Visual Augmentation  (Smoke)  System 

The generation system  is installed  in the QF/PQM-102A.    The system consists 
of a  50-gallon oil storage tank  (tank  assembly), cradle assembly,  hydraulic pump, shut- 
off valves, vent valves, check valves, drain valves, nozzle assemblies, associated plumbing, 
and electrical system  (Figure  10).     (Note:      Oil capacity for the Smoke System in 
production PQM-102 aircraft is 28 gallons.) 

10 
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f.     Destruct System 

The  destruct system,  used  to  terminate  aircraft flight when  control  of  the  PQM 
is  lost,  consists of two independent methods of destruct.     One method   called  maneuver 
Si?"' ? ll

accünriP|ished via the command  system  by executing the  HOLD-TO-ARM 
ARM,  and  MANEUVER   DESTRUCT  commands.     This causes a  ha d-over   pitch down 

^nnT:; Jr:srde is pr(rsed for use oniv when the a^ *^** M™ 1500  feet  AGL  during takeoff and  landing approach.     The other method   called explo- 
sive destruct,  consists of a Mark  48  warhead   (explosive charge),  a warhead  adapter 
assembly,  two  exploding bndgewire detonators  (EBW),  one high  energy  firing  unit  (HEFU) 
one  key  sw.tch  assembly, one weight-on-gear   (WOG)  relay, one  UHF  command  des ruct 
receiver  mcludmg antenna, one 28-volt  DC  ni-cad  battery, and associated  wiring  harnesses 

hsted  below'6 IS aCCOmp,ished  by  any  of  the com™nd or automatic  means 

(1)     Command  Destruct.     Execution  of the  HOLD-TO-ARM,  ARM, and DESTRUCT 

LTnMeT^flZrnr  ^ the ^  Pr°cesses sig"als through  the  FCSS  I FC,  which  in turn 
supplies 28-volt  DC  (from either the destruct  battery or aircraft battery)  through  the WOG 
and  key  switch  to the  HEFU.     The voltage  is only applied to the  HEFU  when  the key 
swttch  is  m  the arm position and the aircraft has weight-off-gear.     If the command se- 

MOrJlt/^h   •'"• ^ pr0per °rder'  the  HEFU  converts the 28 volts to approximately 
2000 volts,  which  is  in turn applied  to  the  EBW.     Also, destruct arm  telemetry  is re- 

quern Sucf HEFU-    ACtiVati0n 0f the EBW initiateS the exp,osive ^ and s^e- 

lui. tho S     UHF  Commancl
1 Destruct.     When the UHF command  receiver  is powered ON 

Ith    MUC00?"0" command system)  execution of the ARM  and  DESTRUCT commands 
via the  UHF  destruct system applies 28 volts to the  HEFU  independent of the  beacons 
on command  system  and the  I FC.     Destruct action takes place as previously  described 

Whon  thl3>f ii Ffsafe-    TheJ^f  is also equ'PPed with a commandable failsafe system. 
When  the   ailsafe mode is ON  the fast destruct timer  (preset  1   to 30 seconds)   is 
automatically  activated  in the event of  loss of carrier  (LOC)  or loss of all   DC  or AC 

1R ««.JÄ   •0^it Maneuve;-    A  Preprogrammed climbout/orbit maneuver  is  initiated after 
1.5 seconds  m  the event of uplmk   LOC.     If the failsafe mode is OFF,  the orbit maneu- 
ver is continued  until expiration of the  1   to   15  minute time (preset),  at which  time the 
arget se^-destructs.     A ground abort program   is initiated which shuts the aircraft down 
round explosive destruct  if the aircraft should experience  LOC while on  the 

g.     Command Control/Telemetry System 

th. t     The ?omn;and Control/Telemetry System  provides for positive flight control  of 
he target system  for all  fhght  regimes from  takeoff to 200 nautical  miles distance and 

recovery.     The  Command Control/Telemetry System  consists primarily of three main 

fnThT np/pnM To""0 stations <one "obi'*  ^  one fixed)  and the airborne equipment 
TJ LT7 Q   J02 KTf-  • 0nlv the airborne portion of the Com^nd Control/Telem- 
etry System  is described herein since the MGS and  FGS were described earlier     The 
major components and a brief functional  description of each are as follows: 
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(1) Radar Transponder.     Two  radar transponders  (Type 308C-8)  are employed. 
One  is  located  in  the vertical  fin  and  the  other  is  located  in the armament  bay.     Their 
function   is to  receive  RF  pulses and  to  provide  video pulses to the  interrogation  decoder. 
In  addition,  they  accept coded  pulse  groups  from  the data encoder and  transmit  RF  pulse 
groups. 

(2) Directional  Coupler.     Two directional  couplers are utilized.     One  is  located 
in  the vertical  fin  and  the other  is  located  in  the  armament bay.     They  provide for 
sampling  of  microwave energy.     These  units preclude the continuous connection  and/or 
disconnecting  of  transponder cables during  test checkout. 

^3)     Antenna Switch.     The antenna switch  is located  in the armament  bay. 
The  switr.i  automatically selects one of two antenna  systems which  provide  interrogations. 

(4) Interrogation  Decoder.     The  interrogation decoders (two)  are  located  in  the 
pallet.     The decoders accept video pulse groups *rom the transponder from which  it 
derives command  information for application  to  the  FCSS IFC and/or data encoder. 

(5) Data  Encoder.    The data encoders  (two)  are located  in the pallet.     The 
encoders accept  information from the  FCSS IFC and/or interrogation  decoder and assemble 
the  information  into coded pulse groups for application. 

(6) PRF  Generator.    The PRF  generator  is located in  the pallet.     It generates 
internal  PRF  to trigger the data encoder  if  enabled  by a signal  from  the  FCSS  IFC. 

(7) Antennas.    One antenna  is located  on the fin and two antennas (upper 
and  lower aft)  receive and transmit coded  RF  pulse groups from and to the ground 
stations. 

5.     QF/PQM-102 PECULIAR  AEROSPACE  GROUND  EQUIPMENT  (AGE) 

a. System Test Bench  (STB) 

The STB  provides the capability  to test the QF/PQM-102  FCSS components 
connected  together as a system and to test each  line replaceable unit  (LRU)   independ- 
ently.     On a system  basis the STB  is designed to isolate a fault to a  LRU  and on 
a component basis permits fault isolation to a  replaceable subassembly  within a  LRU 
(Figure  11). 

b. Premission Test Stand  (PMTS) 

The PMTS consists of a mobile  (trailer-mounted)  unit to house all  the equip- 
ment and  is electrically connected to the aircraft by five 40-foot cable assemblies.     A 
comprehensive test procedure is followed to evaluate each of the aircraft subsystems 
after connecting the PMTS to the aircraft under test (Figure  12). 

c. Engine Control  Unit (ECU) 

The  ECU  is a portable test set which,  in conjunction with  the MD-3 power 
cart and  MC-11   air compressor, provides the capability of remotely starting the QF/PÜM- 
102 engine and evaluating its performance to ensure proper operation  prior to flight. 
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The  funct.onal  characteristics of the  ECU  consist  of engine performance  monitoring 
start  control    ignition  control,  throttle control,   AC/DC   power  monitoring,   failure  warninq 
indication,  and  auxiliary control  elements.     No  external  power  is required  for  the   ECU 
as all  power   is  derived  from  the aircraft  (Figure   13). 

d. Brake  Control  Test Set 

tinn     ■ J"he  ^^f ^T'  ^ Set  iS a  self-contained  unit which,  when  used   in  conjunc- 
tion with   a  standard  voltmeter,  permits the  operator  to  test  the QF/PQM-102  aircraft 
anti-sk.d  brake  control  system.     It  is  rack  mounted  in  the PMTS  to support  premission 
testing  and   may   be   removed  to  in-aircraft  testing.     The  test  set  is electrically'connected 
to the  skid  control   system  test connector and   simulates all  aircraft  inputs as well  as 
providing  a  readout  for all  system  parameters  (Figure   14). 

e. Radar  Simulator 

The   radar  simulator  (Model  616C-4B)   is  a  portable C-band  test set  for  testing 

P  SrfTT"  0f  b.0th  thfQF/PQM-^  ^borne  command and  telemetry  system  and 
the  MGS      It  may  be  used  m  the open  loop  mode  through  an  antenna  for  the  purpose 
of qualitative  checkout,   in  the closed  loop  mode  via  a  directional  coupler   or  directly 
connected  for a  more  accurate quantitative  measurement  of the  RF  of either  the  air 
borne system  or  the  MGS.     The  radar simulator  measures transmitter frequency   power 
and  pulse width,  and  receiver frequency  and  sensitivity.     A double-pulse code  *  provided 
to test  the  pulse code  spacing of the airborne  transponder and  the  MGS      External 
connections  are  also  provided  to permit  the  insertion  of command  pulses'and  to  provide 
data  readout  capability   (Figure   15). pruviae 

f.     Target  Group  Simulator 

nnt  th    L^T  gr?P  SimUla!0r  (M0del   663-2)   is  a  Portable  test  set  "sed   to  check- 
out  the  MGS.     It  replies to  radar  interrogations  from  the MGS  by  simulating  downlink 
data  from  the  airborne portion of the command  telemetry  system.     It  may  be  used 
via  RF  coupling  to  check  altitude  readout,  range  tracking,  azimuth  tracking   range   read- 
out,  code  spacing,  system  delay,  and  eight data  channels.     It  may  be  hard-wired    by- 
passing  the  RF   section  for  logic circuit tests  in  the  digital  portion  of  the  systom 
(rigure   lb). 
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SECTION   III 

DT&E/IOT&E   PROGRAM 

1. INTRODUCTION 

The  purpose  of  the  DT&E/IOT&E  program  was to demonstrate and evaluate  the 
feasibility  of converting  surplus  F-102 aircraft to  no.vmanrated  POM  targets and  the 
contractor's capability  to operate and  maintain  the  POM-102  target and  peculiar equip- 
ment  on  a continuous basis  in  an  operational  environment. 

In  accordance with  the  plan,  three  F-102  aircraft were converted  to OF-102  man- 
rated  targets at  Crestview,  Florida,  to support the contractor's development engineering, 
systems  interface,  and  initial  flight performance  objectives.     Provisional  acceptance  of 
he three QF-102  aircraft was accomplished  by  the  PQM-102  SPO  prior to  ferrying  by 

the contractor to  the  government  test site at  Holloman  Air  Force  Base.     One of  the 
three QF-102  aircraft  (FAD  601)  was converted  to  a  non-manrated  target at  Holloman 
Air   Force  Base and  was flown  successfully  against AIM-9J  and AIM-9L  missile firings 
during January   1975. 

Five additional   F-102  aircraft were converted  to  POM-102  targets at Crestview   (two 
were option  vehicles  purchased  by  the Army  for their Stinger Missile Program).     The 
POM-102 targets contain  subsystems  identical  to  the QF-102  and certain  design changes. 
Provisional  acceptance was performed  by the PQM-102  SPO  and consisted  of ground 
tests by the contractor utilizing peculiar ground checkout equipment.    These  five  PQM- 
102 targets were ferried to  Holloman  Air  Force  Base  by  the contractor for final   re- 
configuration  to pure PQM-102 targets. 

The program was originally planned to be completed by January  1974.     However, 
due to unforeseen  technical  delays and an ambitious schedule, the program was not 
completed until  November  1974.    The program, as  it related to milestones,  initi#l 
engineering  (Phase  I)  at Crestview, engineering development  (Phase  II) and flight test 
program  (Phase  III)  at  Holloman Air Force Base,  together with the test objectives, 
methodology,  and  flight test profiles,  is outlined  in the  remainder of this section. 

2. MILESTONES  -  SCHEDULED  VERSUS ACTUAL 

a.     Initial  Program Milestones 

A contract was awarded on 31  March   1973 to develop and flight test the 
PQM-102 Target System for use as an afterburning target.     Individual engineering 
assignments were established  by 2 April   1973 and work was begun to establish  the 
system configuration  in compliance with the contract. 

The prime contractor was responsible for the aeveiopment of the entire system. 
The prime contractor's activity  in  brief terms  included the design and development of 
the  FCSS; development of peculiar AGE,  including PMTS,  ECU, and STB  for testing 
of the entire target vehicle; management of the overall  program and administering of 
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major  selected  subcontractors,   includina  nrnnm.mpnt  M  th„       u 

Major  subcontractors  were  selprtPH  tn  ^cdct  »k« 

Crestview and  the operat.onal  phase at  Holloman  ATFO^S  B1J    l.^' ,P   .    ^ 
also selected  to provide the guidance systen.   brake con°,ol svs L   anH  ,K      ^ T* 
struct system components  for  the  QF/PQM102  target" ' e ma'0r *' 

ment  schldule'fol  TaZTMwV.Vt'*. 1   "^ a  JfL"»  aCCiilerattd  **■*• 
milestones attached * i^^^ J^fä^™***1'£*' *• ^neral 
was scheduled  for completion  by The middle o? jT^i««^, T" .deS,9n a"0  a,,alvsis 

of  the  FCSS  related  hardware bVmid-S^bt ^73^^e'«^"'3^*06''aircta'ir^ 
modification     on  the  first  QF-in?»     anH   n/irc . .   7c'uirea  At3t.  aircraft 

PQM Z  ^^ S a"0W --'mlegr^lTa,^ triedlb" yL'ms tf TW 

b.     Program  Milestone Summary 

r0ai- .■    M!ny  faCt0rS prOVed  the  initial  schedule  imposed  on  this contract  to  he .m 
realistic^     Integration  of the  varied  and  complex  subsystems o    the   SF/PQM 109 
required  more  time than  originally  anticipated.     However   the  fit  NUli n 
uly  completed  on   13  August   1974.   less'than   m^mXJ^l^uJZ^^ 

folLs ma,0r UnantlC,Pated  factors that  caused  schedule delays are  itemLd"^ 

• Abnorma||y  long  lead  times were encountered  on  many  standard 

Ä Zlo^  t0 the State  0f  ^ e,e—  ind-V  during 

• The  PQM.102 SPO  and  the prime contractor had continuous  problems 

Mnht  T109 TZ?1  0f  the destruct system  and aPProval  to  fly  NULLO 
flights from  the White Sands Missile  Range,  Range Safety  Office     This 
resulted  m  a considerable delay  in the scheduling of the fi^st  NULLO 

• Several  design changes that were  made  as a  result of  Design   Review 
No.   1  caused some delay  in  the  initial  development stages 

• datP^hlTt   17 r35 !!IOWed  in  the  initial  Pro9ram  ^«dule  to accommo- 
date  the  technical  problems that  are  itemized  in  paragraph  4 c   of  this 

Thf listing"   lOrH'EP^^r^  ^  ^^ ^E?) 'va^U^t'of tne existing  F-102A   HEP  valves  resulted  in  significant delays. 
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* dAurmrgkeFeZa0rvd197V4a  ÄÄ  PerSOnne,   ,aSted  ^  ^« rl.^     re^ruarV     «74.     This complete  work   stoppage  had  far 
reaching effects  that cons.derably   impacted   the  overall  schedule. 

• Ground checkout of the aircraft prior to a mission was found to 
take more t.me than originally anticipated. This was due to the 
high  degree  of confidence  that  the  test  must  pro^de      On  previous 

rrnTV^  ^^^ WaS  pr0vided   bV   means  of   inflight eva ua 
.tion  of   the  system  with   a  man  on   board      While  the  PMTq  t!ct  h   . 
been  very  successful  in  providing the  degree ^ LninTn^rJ 
for  the  unmanned  PQM-102  aircraft concept,   future  R^V  proqrams 
where  the  vehicle  is totally  unmanned  should  consider a  moffTtn 
mated  method  of premission  test during  initial  design  stagTs 

# tT^rtr^Jf0^ Were  added  durin9  the  mVfm,  e.g.    the 
addition.!       m.odlflcatl^  and destruct  system   redesign.     These 
additional   requirements extended  the  total  program  lengths 

3.     ENGINEERING   DEVELOPMENT  -  PHASE   I 

a.     Initial   Design   Requirements 

Aerospace Ground  Eqoipmen   "AGE    ani afr!L, T H^  ^ ClM"" Svs,em' 

.o be deseed  ,o  mVS «^'A'AHT'Sio wS *%£ T 
these subsys,en,s  are discossed  briefly  in  reia.ion  ,o  .heir design  req°!emems 

(1)     Flight Control  and Stabilization System   Icnssi      Th«  tree 

and  control.     The   FCSS was designed  to provide 0    rem0te COmmand 

• Automatic  takeoff program 

• Automatic  runway  takeoff abort  routines 

'    ^rtenrofTLOcT""  ^^^  ^   —'  attitudes 
me  event  ot  a   LOG  or completion  of  maneuver 

.    Automatic   LOG  programs to place  the  vehicle  at  safe attitudes 
•t.tudes,  thrust  settings,  and  airspeeds depending  on  the orienta- 

tion  of  the vehicle at the time  of  LOG 

• A  command  destruct maneuver 

• A  remote command  and  failsafe explosive  destruct capability 

• A  capability  for automatic maneuver presentations 

22 



Proportional   data   for  telemetry   purposes 

#    ort'hTalrcStt^r1" ^  rUat0rS  that  allowed  remote control 
Dirar/pr^  . J     •     ^.^ a  secondary  hydraulics failure or 
pnmar/  FCoS electronics failure.     The  maioritv  of thp  PCQC H! • 

r-ei: s ä xr«r^rlS5 ";9n 

•  The  roll  attitude  hold  requirements  were  found  to  require 

^elrnV"69"0' d,,rih9  the   high  Perf0—  ™-uVer 

'  ^e6 aZlrof1  f0r attainin9  5g  in   fOUr Seconds  ^"ed the  addition  of  a g error  integrator  to achieve the g  rapidlv 
coup ed with  a  rate  limit on  the  command  to prevent  oJe - 
.hooting  of the g-setting.     (Other design  problems are d^ 
cussed  in  paragraph  4.  of this  section.) 

The  system  design,  however,  was a  fairly complex one  HUP  m *hm 
modes of operation  and  automatic  nrnnramc      J l'umP,ex one  «ue  to the  numerous 
evaluate the  need  for each  of  the  mZT   u '  r91"3"15 may  want t0 close|y 
straint was  the  design ^^ XÄt ^  ^  ^ SignifiCant deSi9n — 

Sied'—Si ~^ S S^Ä 
»ith  the existing  FPS.16  'JaTwLT^Zs,,, ZLTT,  ?* requirCd t0  'm'e"!"x 

control systenXt^rS™ ^1™'/! i""'"!™™™ "< a command and 
experienced with multSdoZ ^.T 7 deS'lnS; howEve,■ somc l)roblems »ere 
discussed  in  paragraph 4 VZ^ctionr^6"' ^ * ** ™'*m  W* is 

deveiopJ'Lder'Thrcontr,"'  EqUlPmen,  IAGE,■     The  ,0ltowi^ «»* AGE  „ere 

System  Test  Bench  (STB),  SPN  4015239 

Premission Test Stand  (PMTS),   SPN  4015240 

Brake Control  System  Test Set,  SPN  4019261 

Engine Control  Unit  (ECU),  SPN  4015238 

Radar Simulator,  SPN  4019263-901 
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un*™^ *'ZZt*TmJ£ airCra" m0di,iCa,io" ^ "* «""V.!. was 

Removal  of  unnecessary equipment 

• Installation  of  new  hardware  (electronics  gear,  control  actuators 

• Structural   integrity  stess analysis 

• Electrical   load  analysis 

b.     Modification  of  the  F-102A  Aircraft 

the  FCSS pallet. m0d,fy the a,rcraft t0 P^P^'V  interface with 

and the Smoke System  d«ign ^ lns,alla,ion' ^"'^  modification,. 

Phase; th^'^Vctn^Jr'pine,Tad fott 1 ^ ""IS" in 'he d^" 

fied aircraft were interfaced * fUlly assemb|ed pallet and modi- 

throttle *T2Z™ iTcXl lZttoVTl 
presented rprob,ems *™<*for ^ the throttle lever to XTÄ   a^ifS! 2? an enc|0Sed cab,e  (Telef|ex)  from 

servo actuator  to  the  throttle controf9 0X  ^  t0  be USed  t0 interface  the 

to contro?;:0^;;^ epuipS TC ^1  T*^  *"""* the desi^  Ph- 
modate the brake components * the a,rCraft had to be modified to accom- 

the  interne Ä! tt'^af fand'FCSS ^ IS* S tWOf0,d-     First'  desi9-g 
the capability to actuate thTfTinht^ f ?    to Prov.de a.rcraft sensor information and 
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to  provide  enough  strength   to withstand   the 8g  PQM-102   aircraft lisL   requirements. 

The  evolvement   of  the  Group A  acctotance  testing  philosophy  and  test  omre 
dures was cnt.cal  to  the  overall  PQM-102 Target System  concept      This test checks 
ach  w,re  that  was added  or changed  by  the aircraft  modification  for proper continuitv 

a dmsuia.on.     Modif.ed  systems are functionally  tested  to  determine p'roper   oper tion 
prior  to   unmanned  flight. H   M      ufwrsnon 

c.     Subsystem   Integration  and  Checkout 

The extent  of  installation,  ground  testing,  AGE   verification,  and  flight tests 
that were  accompl.shed  at  the  subcontractor's  facility  (Crestview)  were as foMows 

(1)     AGE   Usage,   Installation  Procedures,  and  Ground  Test Validation      Three 

FAD floT;  inV0"1  "  ^ 9rOUnd  teStin9 at Crestview-     Two  aircraf     FAD  6m   and 
FAD 602)  were used  as  the  primary  test bed vehicles  for  the  flight control  and  sta 

mT^TSAt* Smoke and brake contro1 systems Je ev= " ^ 
thD     r ?irCraft  'T,odifications were tested  by  the  subcontractor  in  accordance with 
the.    Group A  test  plan^     Installation  of  FCSS  hardware  and  subsequent    Indtes^na 
of  the var.ous  FCSS  subsystems  was accomplished  in  accordance wi°h  the p?ime con   9 

tractors ground  test  engineering  bulletin.     This  procedure  formed  the  basis foT FCSS 
mtegration  and  premission  testing  since the premission  test  procedure had  not  been 

utÄVSfe  PMTr Ths1^, ^H-     The  maJOritV  0f aU  ^ was accomplished 
o     his'pfece of AGE      AH^       i3 ^^ and  thorou9h  evaluation  of  the  usage 
or  tnis piece of AGE.     Additional  capability was added  to  this piece of AGE  durinq 
the course  of evaluation  by  means of addition  of test points within  the  FCSS drcuitrv 

hT^e b9™:1 ai;HiHprocedure was streamiined -a - ^ — the PMTs'^r^ had  been  validated. 

caoabilitv      JhilP  It P i       add,tlonal  means  for system   integration and  checkout 
capability. While testing was being accomplished on the aircraft additional subsystems 
could be checked and interfaced on the system bench. This capability wa exten S 
utilized  in  the  checkout  of  the  maneuver programmer and  backup  autopilot. eXtenS,Vely 

System  testing of  the brake control  system  was aided  by  means of the 

s^VrttTmr     The  ^^  and  Perf0rmanCe 0f  thiS  ^ was^dequ^; ^on- 

placed on the
ThOFUiSn99eA 0f- 'V^ WaS  n0t Va,idated at   Crestview   due t0 ^e emphasis placed  on  the  QF-102A  aircraft  and  integration  of the  basic  FCSS;  however   the  ECU 

was  subsequently  validated  at  Holloman Air  Force  Base. 
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niich^   {?r   \Xtent  0f  SySt
J
em  lnte9ration-    The system   integration  that was accom 

phshed at Crestview consisted  of  the following: 

• Flight test evaluation  and establishment  of all  of  the  gains of 
the  primary   FCSS 

• Integration  of  the  maneuver programmer on  the  STB 

Basic integration of the Command Control/Telemetry System to 
the FCSS. Final integration was accomplished at Holloman Air 
Force  Base  after  resolution  of some of the  multipath  problems. 

• Brake control   system   integration 

• The visual  augmentation  system  was tested.     Visual  augmentation 
performed  poorly when  the afterburner was on.     This was not 
resolved  until  the  Holloman Air Force Base phase of the program. 

d.     Flight Test Summary 

The major achievements of  the  flight tests conducted  at  Crestview entailed: 

FCSS gain  optimization 

LOC  program  verification and optimization 

Verification  of  the  brake control  system 

Evaluation  of the Command Control/Telemetry System 

Evaluation of the primary and secondary  radar systems of the 
MGS and  its plotting capabilities 

A total of 21  engineering flights were flown during the Crestview flight test 
phase.    This comprised  50  percent of the total  number of flights actually flown     A 
number of flights were  for  demonstration. 

mt w*      ^ thiS p?int
L
in  time'  maximum effort was extended  to provide demonstration 

flights and mamtam the original  schedule.    This pressure to  maintain schedules tended 
to be counter-produciive because meticulous analysis of each  flight was needed to pin- 
point problem areas. K 

e.     Problem Areas 

Some of the more  relevant technical problem  areas and  respective solutions are 
summarized below: 

*       Elevon feedback  signals were washed out to provide precise attitude 
control  at any  flight condition. 
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• Primary   and  standby  automatic  direction   indicator  validity circuits 
had  to  be  revised  for  proper operation. 

• A  rate compensation  circuit and associated  HEP  valve amplifier 
gam   increase was  removed when it was  found  that desired  loop 
response  could  be  obtained with nominal  gain  and  no  rate 
compensation. 

• System  noise  resulting  in erratic surface  fluctuations was reduced 
by  more  carefully  routing box  grounds and  by   removing unused 
HbP  valve center tap  wires which  were  unterminated  and  ran 
considerable  lengths. 

Various  system   logic  interlocks were changed to  provide desired 
operational  characteristics and to relieve  pilot workload. 

System  test  points were added  to allow  more complete ground 
testing. ^        a      >u 

• Roll  surface  limiting to ± 2.5 was found  to  be due  to weak 
HEP valves.     (HEP valves breaking-out at  low  force  levels.) 

• Airborne  telemetry  system decoders were  modified  to eliminate 
noise  spikes superimposed on  the  received  proportional  signals. 

• Erratic  downlink  proportional  data was eliminated  by  connecting 
digital   register overflow problems. 

• Excessive downlink data problems were resolved by eliminating 

taneS       y      enablin9 fore and aft telemetry systems simul- 

toct     .^ ex
1!
en

u
sive stabilitV a^ control analysis was conducted prior to the fliqht 

test activity which  provided  optimum  gain data for  the  longitudinal  and  lateral    xes 
This anaysis was conducted  utilizing Convair stability  derivative data.     The simuat^on 
utilized three degrees of freedom  per axis and was  limited  to small  perturba^n eöua 
tions.     This simulation  proved  to  be very well  ballparked  by  this analysis     Some 
gains required only  a  slight  reduction,  as would  be  expected   since th      mulation was 
conducted  in a  noise-and  turbulent-free environment.     Outer  loop air data    ans ^ 

sr^'tr^ru1"ö3in to achieve snappv and ti9ht a,titude'Ä 

founH tht ^ d
t
eficienc

u
y was discovered early in the flight test program. It was 

found that automat.c pitch trim was necessary in the FCSS electronics The oriqTnal 
philosophy enta.led  that the pilot supply a trim command. 9 

This was found  to  be unacceptable because the  remote pilot did not have ariP 
quate cues to rapidly accomplish this task.    Also,  trim  changes due to speed chances" 

auZlol     Wh"! ''tH6"93?6'  in  an attitUde h0,d mode wou,d  be accounted'   or by   he autopilot.    When  the p.lot attempted to take his stick  out of detent,  the attitude hold 
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mode  would  be  reset and  the  trim  would  revert  to the pilot's  trim      This was  noted 
to  cause  transients on  disengaging  modes.     The aircraft would  also  occasionally  pitch 
m  the wrong direction  when  the  remote  pilot  moved  his stick   fore  or  aft      This was 
particularly  objectionable during  final  approach. 

The   HEP  valve  lockout  problem  of  the standard  F-102A  was discovered  at  Crestview 
This  problem  results  in  loss of  FCSS  control  of the control  surfaces.     No  concrete 
solution  was  obtained at  Crestview.     Further  HEP evaluation  was performed  at  Holloman 
Air  Force  Base during  maneuver programmer high  g evaluation. 

Numerous command/data  dropouts were  apparent at Crestview.     In  addition   the 
plotting capability  of the  MGS  was  found  to  be very poor.    These  problems were 
resolved  at  Crestview. 

Several  modifications to  the  brake  control  were discovered  to  be  necessary  and 
are  discussed  as follows: 

• During  initial  brake  system  testing  it was found  that  secondary  hydraulic 
pressure  used  to  operate the  brake  control  system  caused a  small   buildup  of manual 
brake  pressure  so  that when  the  automatic  system  was disengaged  the  manual  brake 
pressure  would  not allow complete  brake  release.     To alleviate  this  problem  a  pressure 
relief  system  was added  to the  master  brake cylinder. 

• Additional  testing  revealed  that engagement of the  anti-skid  brake  system 
followed  by  disengagement  and  reversion  to  the manual  brake  system  caused  a  soft 
pedal  condition   indicative of air  in  the  brake  lines.    This problem  was finally  tied 
to  air  leakage  in  the relay valves which  was aggravated  by  step  fashion  removal  of 
anti skid  brake  pressure.     Relay  valve  rework  was  required to  remove worn  areas and 
to  mstall   improved  0  rings on  the  valve  piston.     This provided  an  effective solution 
to   the  problem. 

• A  wheel  spinning  device  was originally  procured  to  spin  the wheel  to 
check   for  wheel  transducer output.     It was  later determined  that  the  transducer 
output  voltage gradient was  large enough   that the same test could  be  achieved  by 
jackmg  each  wheel  and  rotating  the  tire  by  hand.     This procedure  is presently  being 
used   in   the  premission  test. 

4,      ENGINEERING   DEVELOPMENT  -  PHASE   II 

a.      Finalization of Aircraft  Modifications 

During  the flight  test  program  several  problems were solved  by  changes to 
the  aircraft  itself  rather than  changes to  the  added aircraft systems. 

(1)     Smoke System.     The Smoke System  functioned very  well  at military 
power and  below; however,  the  oil  used  to  generate smoke would  burn  during after- 
burning operation producing no smoke.      Several  modifications to  the  nozzle were tried 
but  would  not provide satisfactory  results  for  both  afterburner and  non-afterburner 
operation.     The  final  resolution  of  this orobiem  added a second  smoke  nozzle on  the 
aspirator  to operate during afterburner operation.     This nozzle mixes engine  bleed-air 
with  oil  to  produce smoke outside  the  high  temperature area  of  the  afterburner plume. 
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during til^Hg^f ^st   li^Ä^T^ ^ ^ ^ ^ ^ dis—d 

manual brakes  fluid from the ami  kid ^tt/   T^ '" Parallel with the aircraft 
causing a malfunction; lock ng   h   w    el^t ven^waTadd^^ Tl* ?** ^^ 

cured the problem of hydraulL overheating      '        " t0 damP ^ OSClllati0nS which also 

shielding of antennas by the aircraft ThL9 ? It a,rCraft TheSe L0C were c^^ by 
adding an antenna o th^ ip of'the Jttif" ^toiuL™™"9 ^ ^^ ^^ and 

off has been attributed to anteLa shielding. ^^ 0CCUrrenCe 0f L0C durin9 take- 

PQM) and the   orce fe"l ^ w^dlyL'?nM  aU
1
t0;trim SVStem WaS modified 'QF and 

to aircraft interface ^ to
T

a
h
l,ow compatibility of the FCSS 

FCSS nearly full authority in p^S^ the elevon'        '   ^ m0difications all-ed the 

trollers ^Srll^lbc^T^ofTZ^^ ?ff WaS USed t0 a,ert ^ound con- 

b.    Finalization of Test Procedures 

102  TarLhtreesv
Csattpm0riel ^ teSt Procedures were ^ to test, evaluate, and repair the PQM- 

.nH     iK9 I-   V .   :        9r0Und Procedure was used with the PMTS to conduct initial test 
trn^ht'h^ .0   the,a,rc

u
raft-    A P^^on procedure was used with the PMTS to   es 

^trtToÄ?!  FS" ^^ T^:1^   Pr0CedUreS Were also mSained 10 conouct tests on the STB, FCSS, and on each of the major components    The DfocBriurL 
covered testmg, cal.bration, and isolation of failures to the lowest repayable level 

(1)   Ground Test Procedure.   The ground test procedure was implemented at the 
begmn.ng of the testmg phase of the program at Crestview.   The procedure was serviced 
and expanded to allow m-depth testing of the FCSS and its interface with the aircraft 
At Holloman A.r Force Base the procedure was reorganized to facilitate tes inq and ex 
panded to cover government furnished equipment systems on the  PQM 102      Calibration 
procedures were developed for the stall warning vane, rudder center position   and PSH 

posmon feedback sensors.   As the target system J Z^^m^^r^Z, 
was updated as required to test the new parameters. procedure 
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The major aircraft modifications which required changes to the ground test proce- 
dure are as follows: K»««.« 

New transponders 

Changes to the automatic takeoff program 

Changes to system gains 

Addition of g error integrator 

Optimization of backup autopilot 

implementation of low altitude mode 

White Sands Missile Range changes to the destruct system 

Optimization of maneuver programmer operation 

Addition of roll integrator 

Changes to nosewheel steering operation 

Changes to brake control system 

Addition of pitch trim 

v^ -Ja   .Premi!*ion T"* Procedures.   The development of the premission test procedure 
Zh   h H .    ? thVm>f teSt,n9 at Crestview-   The interface with the target system was 
established based on the information obtained during the ground test, and on system test 
requirements to isolate failures to a major replaceable component level.    At Holloman Air 
Force Base the procedure was formalized and used to test all the PQM-102   aircraft   before 
flight     During this time, a number of modifications were implemented to facilitate testing 
and to correct discrepancies which had developed. 

t« h •    TO SÄ8 teStin9' switches were added to the PMTS to allow the operator 
to have primary FCSS function commands remote from the aircraft cockpit.    Light indca- 
tors were added to increase the number of function displays available to the operator 
Target system modifications also required modifications to the PMTS to allow testing of 
new functions.   Controls and indicators were added as a result of the following changes: 

• Addition of g error integrator - addition of a switch to bypass 
the integrator to test gain of pitch channel 

• Implementation of low altitude mode - addition of a switch to 
command radar altitude test mode 

•White Sands Missile Range destruct test - addition of a switch 
to command failsafe OFF and a light indicator for WOG signal 

! 
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ment new 
cies are as 

• Addition of roll integrator - addition of a switch to bvpass 
integrator to allow gain test of roll channel 

,Ä!tirrqii?mf,1tt " a thr0ttle limit bVPass command was 
added to the RF control   link.   A switch was also added to 
prevent the ground controller from transmitting an unintentional 
pitch command 

Modifications to correct discrepancies were as follows: 

•Cable clamps - large cable clamp boots were added to the 
aircraft PMTS interconnect cables to protect the wiring 
insulation from damage 

'D^XC015 " T3' and power 9rounds were separated in the 
KMTb to reduce conducted noise 

•Backup VG torquing - the harness required modification to 
provide backup rotary inverter power when torquinq the 
backup vertical gyro 

•Connector covers - covers were added to protect the connector 
pins when the cables were not in use 

The test procedure was revised as needed to correct deficiencies and to imple- 
requirements as a result of aircraft modifications. The changes due to deficien- 
follows: 

The test of the aircraft HEP valve and trim circuit was inadequate 
to determine proper operation.  The procedure was changed to 
incorporate the Air Force Technical Order procedures for testing 
the trim system and the servo-HEP valve test was changed to 
allow testing of each elevon individually.   Operation of the target 
system has proven that the test is now effective. 

•A test was added to test the power-on and the calibration 
commands to the DIGIDOPS system. 

Target system modifications which required procedure changes are as follows: 

•New transponders - addition of test for Automatic Gain Control 
(AbC) commands and signal levels 

•Automatic takeoff mode optimization - changes to airspeed and 
altitude command levels, gains, and resultant modes 

•System gains - changes to measured parameters 

•Addition of g error integrator and roll error integrator ■ change to 
procedure to conduct gain test and addition of test of integrator 
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I»» •Backup autopilot - changes to gains measured 

• Implementation of low altitude mode    addition of test for low 
altitude configuration and radar altimeter 

•White Sands Missile Range destruct test - complete revision of 
destruct test to comply with White Sands Missile Range request 

•Maneuver programmer - changes to results measured 

• Nosewheel steering modification - test revised to cover new 
operating mode 

The STB procedures for use on major components were direct adaptations of 
the factory test procedures used to conduct final test of the units before delivery    Thev 
were updated wherever a change was implemented in the factory procedure    The system 
procedure was adapted from the PMTS premission procedure to maintain continuity between 
bench testing and aircraft testing. 

MM .   * »i,   The SUCCeSS 0f the Pr09ram has shown that the test Procedures that were used 
did test the target system to a level of confidence needed for flight.   The discrepancies of 
the procedures were correct and the procedures were updated as required to test the 
system whenever a modification was implemented. 

c    Finalization of Target System Integration 

H D*ar?y tT3" C^an9es' brieflv discussed be|ow, were made to the target system 
during R&D.   These changes could be grouped together under a single general heading 
such as Flight Control System Gain Optimization.   Other modifications of a more major 
nature are also discussed, together with details of the original problem and the effective- 
ness of the implemented solution.   The changes are arranged in chronological order  how- 
ever, many tasks overlap considerably.   The dates in parenthesis give the approxima'te 
completion date for a particular modification or group of changes.   A minority of these 
changes to the airborne system caused corresponding changes to the PMTS and associated 
AGE; however, changes to AGE, particularly the PMTS, were minimal.   Discussion of test 
procedure evolutmn can be found in paragraph 4.b. of this section.   The most significant 
impact on AGE was the result of major destruct system changes by direction from the 
White Sands Missile Range Safety Office.   Several special test fixtures were fabricated to 

1    A^C u1?01 SyStem at the PMTS and Pre-fli9ht levels of test.   The development of 
this AGE had not been anticipated before the Holloman Air Force Base phase of the R&D 
program. K mm  nmn* 

fiinht     (1i  AJ^Te Antuen,la Relocation February 1974).    Results of antenna evaluation 
flights conducted during the Crestview phase indicated significant interrogation loss when 
commanding via the fore telemetry system.     Due to the fuselage blockout the problem 
was more severe because the aircraft was pointing directly away from the control station 
in order to optimize the antenna coverage the two antennas of the fore system were 
replaced by one bent stub type fin antenna located on the top edge of the fin    The new 
implementation fhghts conducted at Holloman Air Force Base revealed excellent results 
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0 
(2)    New Transponder, Modified Decoder (March 1974).    Flight test during the 

cTJb.iitv    Th 'Ar?' teSt Pr0gT demonstrated the <** ^r a tf^oX wÄc 
FGS   nH Mr5   ^? Z" eSPeC,allV needed when cha^eo^ was attempted between the 
(Tvoe 302C 8> w! h APr 'T^'" ^ differenCe '" radiated p0wer-   New transponders 
1?    H    . J  u      ?GC and 9reater sens,tlv|tV were installed.    Results of further flight 

tests mdicated that the new transponders greatly improved system performance 

13)   Multipath.   The multipalh problem was first observed at Crestview but not 
fully recognized unt,l early in the Holloman Air Force Base phase of the program     Su ing 

I^Tnn       T'«30' I'6 infamOUS ChriStmaS Tree effect <many com™nPd indStors       9 

InH PAH RHO    0   .at     e T6 t,me, WaS observed-    Evaluation with aircraft FAD 601 
and FAD 602 on the ground revealed the cause to be reflected (multipath) pulses inter- 
spersed w,th direct transmission pulses being received and decoded by the ai'bome system 
These extra pulses gave the effect of sending commands when, in fact, none were sent 

in oHpr t.    Additional tests were made with different transponders and modified decoders 
n order to further reso ve the problem.   The final resolution was to use a decoder with a 

parity check (rejects uplink pulse groups with more than four pulses within the pulse group 

The AGC flrt'on"3 '' 'J^T T^^ W,th a «^ AGC caPabilitV was TnsS. The AGC function allowed direct path transmissions to be decoded with a lower receiver 
gam and thereby eliminated most of the reflected pulses because of their lower signal strength. 

^^«  (4)   Aut0matic Takeoff Optimization (March 1974).   Optimization of the automatic 
takeoff sequence is summarized as follows: cwwnMra« 

•       The climbing pitch attitude reference was increased from 10 to 13 
degrees 

; 

Rotation speed was changed from 135 KIAS to 150 KIAS 

Automatic takeoff was changed to engage after the ground roll had 
been started manually by the controller.    (This allowed for align- 
ment corrections, stick inputs, and engine performance evaluations 
prior to initiating the automatic takeoff.) 

IS! t?F^ed 0n the pitch speed switch PO'nt was decreased from 
250 KIAS to 240 KIAS 

When the airspeed on pitch mode was engaged with a large reference 
error, the aircraft responded with large and rapid pitch attitude 
change.   To overcome this problem, a lag/integrator network was 
connected to the airspeed error path.   When the mode was engaged 
the integrator switched from its synchronized state to an effective 
lag which allowed the error signal to propagate through to the HEP 
values.   This effectively produced a slow-in for the airspeed error 
signal.    Flight test results at Holloman Air Force Base indicated 
the modification performed well. 

Airspeed on the pitch mode, which previously engaged at 3500 
feet, was changed to 6100 feet.    (Altitude 2000 feet above ground 
level switch for White Sands Missile Range.) 
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• Orbiter altitude was changed from 14,000 to 20,000 feet. 

(5) System Gain Optimization (March 1974).   A great deal of the system gain 
optimization was performed at Crestview; however, a minor part of this basic calibration 
was performed at Holloman Air Force Base during January and February 1974.   The 
original   computer simulation gave extremely accurate gain predictions for most of the 
system gains. 

(6) G Error Integration (April 1974).   Preliminary flight tests performed on the 
maneuver programmer indicated that g holding was usually out of specification during 
preprogrammed maneuvers.   The problem was eliminated by adding an error integrator 
which corrected for small g errors occurring in the g command path.    Later flights flown 
with the error integrator revealed improved g accuracy. 

(7) Smoke System Redesign (April 1974).    Flights conducted at Crestview indi- 
cated that augmentation of visual acquisition of the target system utilizing a smoke trail 
was inadequate when operating in the afterburner range.   The system was modified by 
adding an afterburner nozzle assembly which received oil and mixed it with the engine 
bleed-air before spraying it into the afterburner exhaust stream.   When the target was not 
operating in the afterburner, the oil was directed to the primary nozzle.   The nozzle 
was positioned to direct the oil stream to impinge on the engine exhaust gasses which 
produced the smoke trail.    Flights flown with the new implementation produced good 
results. 

(8) Backup Autopilot Optimization (July 1974).   One of the major tasks accom- 
plished in the early phases of the Holloman Air Force Base test program was optimization of 
the backup autopilot gains.   Aircraft FAD 603 was flown to verify the stability and the 
controllability of the backup FCSS during level flights through banks of at least 30 degrees 
and pitch attitudes as necessary for approach and landing conditions.    In addition, recovery 
from unusual flight conditions, pitch and roll damping, and direct throttle and rudder were 
functionally checked.   Test results indicated that overall backup autopilot gains were high. 
Better stability and controllability were achieved by reducing the gains approximately 50 
percent. 

(9) Low Altitude Implementation (August 1974).   The low altitude flight testing 
was completed to the limits of the QF-102 flight envelope.   The presentations included low 
passes of 400 feet AGL using barometric altitude sensing and 200 feet AGL using radar 
altitude.   The major changes made to the system during low altitude evaluation were as 
follows: 

• A gain switch was added on the altitude error path to allow the 
altitude flare to begin at 1300 feet above the programmed altitude 
(the previous switch point was 500 feet). 

• A washout was added to the pitch attitude command to reduce 
the pitch attitude rate. This modification allowed the transition 
from high pitch attitude to level without negative g transients. 

• Landing/takeoff mode and heading hold on rudder were changed 
to inhibit about 240 knots. 
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• The pull up time constant was increased from 0.4 to 1 75 seconds 
and g feedback was added during the pull up phase.   This modifi- 
cation was made to provide an 8g pull up at 600 knots airspeed 
with 60 degrees pitch attitude. 

nnrinn [^   ^ ^ds Missile Range Required Destruct System Modifications (August 1974) 
Du mg the course of flight testing at Holloman Air Force Base a great deal of time was soent 

L S C! White SdridS MiSS|i,e ?ange Safety P—'-   The ^ SU oTfL     . oTed the fl ght testmg progress very closely and in several cases directed changes to be made to the 

a'S^X6"        yn'    The m0St Si9nifiCant Chan9eS that Were made t0 the ^struct system 

• The failsafe latch was designed symmetrically so that it would 
be set with a failsafe ON command and reset with a failsafe OFF 
command. 

• The LOG logic was redesigned so that a failure in the circuitry 
would indicate a failsafe of LOG condition. 

Orbit altitude was changed to 20,000 feet. 

Downlink telemetry of WOG condition was added. 

Downlink telemetry of failsafe battery voltage was added. 

•      HEFU Arm comparator was changed to 1920 volts. 

In addition to the above changes to the airborne system, special test equioment 
was fabricated and associated procedures were written.   This effort was necessary to accom 
modate the requirements of the White Sands Missile Range Safety Office. 

(11)   Maneuver Programmer Validation (October 1974).   Two main problems surfaced 

Ä^rZK^*^ fli9ht teSt:    ^ PrematUre Pr09rammer -- and (2' HEP 

The first problem manifested itself in a number of different ways.   Usually the 
maneuver would reset to recovery before the maneuver time had expired but occasionallythe 
prog ammer would skip its second phase entirely or run for an excessively long time    P,e 

SSÄÄÄ b?1
repeat

u
ed on the ground bV special equipment and elaborate trouble- 

hootmg techniques.   Usmg these techniques, high voltage noise transients were injected into 
the automatic fhght control stabilization system and all the problems found during fhh   test 
could be duplicated.    It was a relatively simple matter to add two noise filters to th   maneuver 
programmer circuitry to reduce noise susceptibility.   The erratic maneuver programmer perform 
ance was eliminated completely by these changes. a'dmmer perrorm 

HEP valve lockout problems were only seen when flight profiles called for maneu- 
vers m excess of 4g.   Simply, the HEP valves reached an operating regime during high g 
maneuvers that caused the valve not to respond correctly to further command.   Th    was seen 
-n fl.ght as uncommand aircraft roll and occasionally excessively high g load factors    Various 
unsuccessful attempts were made to cure the problem.   Eventually the force feel system used 
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to provide artificial control stick feel to the oriainal F 109 nii^t ..^^ ^-   ui   .     ,_   , 
in oreatlv impro   d HEP valve perfor™^ "ot^ ^ ^ H^^L^ pÄ 

X dMip Can 0   '       COmP,etely eliminated by maj0r Chan9es t0 the F'02 HEP 

(12)    Roll Integration Addition (October 1974).    It was found that roll attitude hold 
durmg maneuver programmer was not consistently within specification tolerance    ^ebank 
angle tended to either over- or undershoot the required value, which was especially nott 
ab e at h,gh bank angles.    A roll integrator was added to the roll command path when   he 
maneuver programmer was engaged and roll error was less than 10 degrees    This Smenta 
tion performed well and gave excellent roll attitude hold performance '^Plementa- 

nnmm   (1.3) HNre^heel Steerin9 (JanUary 1975)-   Poor aircraft ^Ponse to nosewheel steering 
command and the danger mvolved in a heading reference system hard-over failure dur no Tandma 
or takeoff ground roll led to a modification of the nosewheel steering contro Taw    The new 
system employed a lagged command amplifier instead of an integral and resynchronized tTe 
heading reference s.gnal whenever a skid command was reived.   To compensate for nose 
wheel steermg actuator dead zone the time to clamp to a new heading reference wa   Se aved 
1 second after term.nation of a skid command.    The new system was flightte L extensively 

TrL^ tTrXX: Ttem T m'de at this t'- ^ arÄr^L 
H:fouo:cdeinBa;eis tz%0^\T^prob,ems'and modificat-s * ^ ^ ™ 

5.    FLIGHT TEST PROGRAM - PHASE III 

The DT&E/IOT&E flight test program was conducted at Holloman Air Force Base between 
January and November 1974.   This program was in concert with the Phase H engin ering 
deve opment effort that was required for finalization of system performance inZaTn and 

J™ HTH; 0f r^"51 ^edures.   After the start of system verifica  on an'd QF 102 
record fl.ghts, other unforeseen technical problems and requirements arose thatoreäuded 

eTällrn'flr^H'H0' the formai;ii9ht test program.   As a result, numerous'en   neering 
th   DrraI

ll9hI%:nd dT?h
nStrat,0n fli9htS were needed on ^ as-required basis throughout' 

the program.   A recap of the requirements and problem areas is as follows: 

• White Sands Missile Range demonstration flights were required for simulated 
destruction of the target and support of destruct system reliability. 

• Roll attitude hold was not consistent during presentations.   The corrective 
roll error integrator circuitry provided excellent roll attitude hold but 
required extensive evaluation. 

• The brake control and nosewheel steering systems required modifications 
to eliminate overheating and to improve directional control below 85 
knots, respectively. 
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G overshoot was experienced and g holding was usuallv nut nf en. i*t   . 
d=jprtati0„s.   The ccecive .roA^^^^r0" 

* Ä«; oSor"'^redesi9n ,o ^ s"m^ «"*• ^^ 

* ssÄ »rÄwere in "eed ^op,imi2a,iün ,o a-re 

•    The low altitude maneuver programmer reauirpri aHHiti™    * 

pirsion ^ ^" * p-"p"'aäa
k

d„drnwäa
6o

9Tegr
h 

fee, systtm on PQM.,02 A^A'A"^^^^», 

evaluated the quality of data «ÄdZToF^^S r^ÄI* '^ "" direC,0r 

ground tests, a,, of which are shoWn in Section IVan^Ap^tA^ Z "* 

.echnica, direction, and ^n^TC TSS^^^Ä."9 0Vera" 

typi^ÄtjS0 ^y^^r1^ "*• KSt ™'tod*9V, test ptofiies, and 

a.   Overall Flight Test Objectives 

of ,3 ha^o^rOF^oTSiS Ä^nÄ^Z ST ^ ^ COnduCt 
record flights for the successful demonsiation o" 02 "^ ^^ and 5 PQM-102 

• All ground and airborne systems associated with the 
target system. 

• Target system reliability and operational effectiveness 
and maintainability. vwmmm 

PQM-102 de-manrated concept. 
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• Contractor capability to maintain and operate the target system 
in an operational environment. 

• Target profiles providing the necessary variations/combinations 
for both IR and RF missiles. 

• DIGIDOPS interface with the QF/PQM-102 Target System to 
provide adequate scoring data for air-to-air missile performance 
evaluations. 

in Table?' ^'^ ^ 0bJeCtiVeS and al,OWab,e t0,— *nd/or Parameters are contained 

b.    Flight Test Methodology 

The contractor's flight test program was conducted in a progressive and svstematir 

sTo/AFSWC tt'r16? USe 0f the f-'^ SChedUle' 48-h0Ur test'plarrd the PQMTO2 bHO/APSWC test director's momtorship of all flight tests. 

(1)   The 30Day Schedule.   This schedule was prepared by the contractor anri 

ST'. ^ ^ PQK-1?2 SP0/AFSWC test director.    It included Vbreakdowno    he 
mdividual fhghts to be flown the following month, availability time of White Sands Missile 
Range radars, general purpose of each flight, date, and profile 

by the PüMJO2 SPolZ'slT^-  22 ^ ^ ^^ bV the COntractor' W™* 
cmtrarrn;! th.  ITP ? test director, and was formally briefed and debriefed by the 
iTlt     ^ ^ t0 and after any fli9ht --eferenced in the 30-day schedule and/or 
blackboarded mission.    Essentially, this plan delineated the detailed/specific events to be 

fionX t? ?' practlc.edrith the asSOciated Param^" ^ outlined in the sSw Addi- 
tionally, the plan contained the modes and one of the six approved profiles showino the 
ground track as it related to White Sands Missile Range. 9 

the        ♦•      Tu6 Plan WaS briefed two hours Prior t0 the scheduled takeoff time    Durina 
this meeting, the contractor addressed each event, mode, controller technique    emergenv 

t'o thPtn3' a      8,rCra? StatUS'    ln additi0n' the AFSWC test di^tor assigned'JTF members 
to the tow caravan, when applicable, and the MGS and FGS to monitor and observe c^mD 
ance with procedures and to document the instrument readings as noted on the cTntroZ 

acno * i        Jhe debrie
x
fin9 was held 30 minutes after each mission and covered everv 

aspect from the start of preflight checks of the remote control equipment to enqme shut 
down     The debnefer followed the plan and solicited chronological an^deta led accounts 
from the respective ground chief, safety pilot, and MGS/FGS controllers    The meetina 

"QM^SPO AF^cT^d ^ ;he Tr5 and failUreS and JOint a r*eme" =9'he KUIVF iu^ bTO/AFSWC test director and the contractor.   The contractor was also tasked 
o provide documentation to the PQM-102 SPO/AFSWC test directooutMnng the cause 

for any unsuccessful event and the fix prior to any rescheduling and/or red^monstration 
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TABLE 2.    SPECIFIC OBJECTIVE MATRIX 

Objectives/Parameters Evaluation Site 

Fliyht Control and Stabilization System 

Positive control handoff within 50 nmi of MGS 

Automated takeoff with afterburner; runway 
8,000 feet long by 200 feet wide 

Automated ground abort routines landing 
and takeoff 

Airborne abort routines; ground inserted programs 

Destruct capability/procedures: 

Positive Command 

Positive command hard-over 

Failsafe 

Performance parameters, initiated by ground command 
programmed and manual: ' "inu, 

A level, constant altitude, constant +5g turn 
established in 4 seconds 

Two or more ground-programmed, command 
selected two-plan maneuvers 

Altitude envelope:   QF-102   surface   to 
45,000 feet;  PQM-102   surface   to  55,000   feet 

Low altitude performance:    400 feet AGL without 
radar altimeters; 200 feet AGL (100 feet desired) 
with radar altimeter (±25 feet desired    ± 50 feet 
required), 500 feet AGL with 4g level tun, 

Altitude hold:   +1.0 foot/degree of bank plus 
the greater of  ± 50 feet or ± 0.5 percent (± 2 
percent for preprogrammed) 

Airspeed capability: QF-102 refer to Tech- 
nical Order IF 102A-1; PQM-102 1.35 Mach 
at 35,000 feet 

Government 

Government 

ovemment 

Government 

'Government 

'Government 

^Government 

Government 

'Government 

Government 

Qovernmtnt 

Govermnent 

uuvfiirr lani 

Test 

Air 

Air 

Ground 

Air 

Air 

Ground 

Air 

Air 

At, 

Air 

Air 

Air 

Air 
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TABLE 2.   SPECIFIC OBJECTIVE MATRIX (CONTINUED) 

i 
Objectives/Parameters Evaluation Site Test 

Flight Control and Stabilization System 

t    i
PnldR.

M^h ho0ld:   ±003 Mach except 0 95 
to 1.05 Mach; ±2.0 knots below 275 knots 
±10 knots above 275 knots 

Government Air 
Attitude capability:   pitch up to ±60 degrees; 
oil up to ±135 degrees 

Government Air 
Attitude hold (measured excursion of the pitch 
and roll gyro reference): s. 

±0.5 degree pitch for bank angles less than 20 
degrees 

Government Air 
±1.0 degree pitch for bank angles 21 to 45 
degrees 

Government Air 
±2.0 degrees pitch for bank angles more than 
45 degrees and accelerated flight or configura- 
tion change 

Government Air 
±1.0 degree roll for bank angles to 45 degrees 

Government Air 
±2.0 degrees roll for bank angles more than 
45 degrees 

Heading hold:   ±1 degree (measured excursions 
of heading gyro) 

G capability:    PQM-102 only - 1.0q to 8 0a 
with 1.0g overshoot                                       9 

2 ÄiS?,±01g design goal, on<:e m~ 
Control limits to preclude exceeding aircraft 
aerodynamic capability 

Government 

Government 

Government 

■ 

Government 

Government 

Air 

Air 

Air 

Air 

Air 
 _   i 

Target Configuration/Modification 

1- <igh voltage safety provisions 
Contractor Air 

fi urborne backup power sources 
'Government Air/Ground 

An 
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TABLE 2.   SPECIFIC OBJECTIVE MATRIX (CONTINUED) 

Objectives/Parameters Evaluation Site 

Target Configuration/Modification 

Backup flight control systems 

Air conditioning - target cooling requirements/ 
capability 

GFE scoring (DIGIDOPS) interface downlinking 
and command system 

Nonessential equipment removal 

Subsystem additions performance 

Anti-skid braking system 

Drag chute/drag hook deployment by remote 
command 

Telemetry data downlink installation and 
capability 

Radar beacon transponder 

Visual augmentation 

Fuel boost pumps remote activation/de- 
activation 

•Government 

'Government 

Government 

Contractor 

'Government 

'Government 

'Government 

'Government 

'Government 

'Government 

Command and Control 

Simultaneous activation of separate continuous 
commands 

Compatibility of C&C and GFE data recording 
equipment 

Airborne/Ground C&C Compatibility 

MGS positive control of QF/PQM-102  within 
50 nmi radius including takeoff and landing 

MGS/FGS positive control hand-over 

FGS positive control of QF/PQM-102 within 
a 200 nmi line-of-sight radius 
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Government 

'Government 

'Gov^rnmant 

Government 

Government 

Test 

Air/Ground 

Air/Ground 

Air 

Ground 

Ground 

Ground 

Air 

Air 

Air 

Air 

Air 

Air/Ground 

Air 

Air 

Air 
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TABLE 2.   SPECIFIC OBJECTIVE MATRIX (CONTINUED) 

Objectives/Parameters Evaluation Site 

Command and Control 

Adequacy of voice communications air-to- 
ground and ground-to-ground 

MGS X-Y plot adequacy 

Flexibility of MGS:    primary power; 30 minutes 
backup power; mobility; and visibility of operators 

Destruct system security from activation bv 
extraneous signals 

Data system capability 

Monitoring function accuracy 

Pitch and roll proportional channel resolution 
of 1 and 2 percent, respectively 

Simultaneous display of air-to-ground data 
at the FGS and MGS 

Radar beacon remote operation 

Airborne/Ground antenna compatibility 

'Government 

'Government 

•Government 

'Government 

'Government 

Government 

Government 

'Government 

'Government 

Aerospace Ground Equipment 

System test bench 

Premission test stand 

Engine control unit 

Brake control system test set 

Radar simulator 

Target group simulator 

Other Requirements 

Safety 
Contractor 

42 

Test 

Air/Ground 

Air/Ground 

Air/Ground 

Air/Ground 

Air 

Air 

Air 

Air/Ground 

Air/Ground 

'Government Ground 

'Government Ground 

'Government Ground 

'Government Ground 

'Government Ground 

'Government Ground 

Air/Ground 
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TABLE 2.   SPECIFIC OBJECUVE MATRIX (CONCLUDED) 

Objectives/Parameters Evaluation Site Test 

- 

Other Requirements 

Maintainability 
Contractor Ground 

Reliability 
•Government Air/Ground 

Interchangeability 
•Government Ground 

Environment 
•Government Air/Ground 

Electromagnetic interference 
•Government Air/Ground 

Transportability 
Contractor Air/Ground 

Human engineering 
•Government Air/Ground 

■ 1 

System Integration and Test 

Fourteen QF-102   flights;  five  PQM-102 
flights 

Government Air 

Contractor capability to maintain the target 
system 

Government Air/Ground 
Adequacy of technical data, parts lists 
engineering data, and checklists 

•Government Ground 

•Initiated at contractor's facility 

WSKtBBSSSSBBM^'"^'" 
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c.   Test Flight Profiles 

To demonstrate all contractual tasks in a unified flight test Droaram   a ww nf 

r^Aroivrr Eachpro,ile-^-L"^^^:LO' 
Profile I (Figure 17) demonstrated: 

Profile III (Figure 19) demonstrated: 

Profile IV (Figure 20) demonstrated: 

Profile V (Figure 21) demonstrated: 

Profile Vl (no standard groundtrack) 
demonstrated: 

(1) Response from both MGS and FGS positions 
(2) Attitude accuracy in turns 
(3) Altitude and heading hold accuracy 
(4) Mach and airspeed hold accuracy 
(5) LOG above 2000 feet AGL 
(6) Programmed maneuver 

Profile II (Figure 18) demonstrated:     (1) 
(2) 
(3) 
(4) 
(5) 

Response from both MGS and FGS positions 
Attitude accuracy in turns 
Altitude and heading hold accuracy 
Mach and airspeed hold accuracy 
Pitch attitude accuracy during configuration 

and/or airspeed changes 
(6) LOG at lower reference altitude 
(7) Programmed maneuver 

(1) Response from both MGS and FGS positions 
(2) Attitude accuracy in turns 
(3) Altitude and heading hold accuracy 
(4) Mach and airspeed hold accuracy 
(5) Pitch attitude accuracy during configuration 
and/or airspeed changes 
(6) Smoke at high altitude 
(7) Programmed maneuver 

(1) Response from MGS and FGS with hand- 
over 
(2) Mach, altitude, and heading hold accuracy 

Afterburner Smoke 
Programmed maneuver 
High altitude and high Mach performance 
LOG above orbital altitude 

(3) 
(4) 
(5) 
(6) 

(1) Response from MGS and FGS with hand- 
over 
(2) Pitch and roll extremes (±60 degrees and 
135 degrees, respectively) 
(3) Medium and low altitude performance 
(4) Mach, altitude, and heading hold accuracy 

Medium and low altitude Smoke 
Programmed maneuver (two-phase) 
Normal g limits 
Minimum altitude maneuver 

(5) 
(6) 
(7) 
(8) 

(1) Maximum range control for MGS and FGS 
(2) LOG on runway and command takeoff abort 
(3) MGS backup radar capability 
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Profiles VII and VIII (no standard 
groundtrack) demonstrated: (1) Data link interface 

(2) Pilot/Controller training 

Profiles I through VIII were used for the QF-102 operation.    Profiles I through VI were 
flown for DT&E and record flights.    Profiles VII and VIII were used   or   rainma     AM nf 
thes^profHe flights were flown several times to vary flight para^eVa'dS^ish Cepeat- 

New profiles were generated for the NULLO flights (Figures 22 through 27)     In general 

A ,Pn0Mle T ^9ned t0 meet the ^^ements of each NULLO.   S the exceot'on of 
NUL*L?nn0;l' they Were not repeated    The NULLO No. 5 profile was used for ah   ubse 
quent NULLO requiring AIM series missile presentation Se' 

NULLO No.  1 and NULLO No 
(Figure 24) demonstrated: 

NULLO No. 3 (Figure 23) 
demonstrated: 

NULLO No. 4 (Figure 24) 
demonstrated: 

NULLO No. 5 (Figure 25) 
demonstrated: 

NULLO No. 6, NULLO No. 7 
and NULLO No. 8 (Figure 26) 
demonstrated: 

(1) Airspeed, Mach, heading and altitude holds 
(2) Roll and pitch holds 
(3) Programmed maneuver 

(1) Airspeed, Mach, heading and altitude holds 
(2) High speed flight 
(3) HVAR presentation 
(4) Programmed maneuver 

(1) Programmed maneuvers 
(2) Low altitude flight 
(3) HVAR presentation 

(1) Airspeed and Mach holds 
(2) High altitude flight 
(3) Programmed maneuver 
(4) HVAR presentation 

(1) Programmed maneuver (AIM-9J presenta- 
tions) 
(2) HVAR presentation (26 September, only) 

Typical 48-Hour Flight Test Plan (OF Record Flight No. 1) 

«/ac   t|
WÜh  n6 W50^tef of Pilot Proficiency and functional check flights  the 48-hour olan 

was utilized.    Upon completion of each flight, the plan became a permanent   econ? and was 

TkTpendixV e fll9ht reCOrd JaCket at the PQM-102 SP0-   A tySThUrp[an is sh'own 
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SECTION IV 

EVALUATION 

1. INTRODUCTION 

Evaluation of the peculiar systems, peculiar AGE that coi prised the PQM-102 Tarnet 
System, and other requirements outlined in the SOW, are discussed in this section. 

The evaluation was performed by the AFSWC 6585th Test Group, Holloman Air Force 
Base.   The data consisted of strip chart recordings, digital and analog information on magnetic 
tapes, and visual observations. mayncuu 

2. PECULIAR SYSTEMS 

a.    Flight Control Stabilization System (FCSS) 

*   7he
u
QF/pQM-102 Target System is controlled by various FCSS modes.    It may be 

operated either by direct control or by automatic control.    The automatic control modes 
include the maneuver programmer and special low altitude maneuver programmer (LAMP) 
for Army PQM-102 Target Systems; automatic takeoff; takeoff/landing abort; and loss-of- 
Carrier  JLV^/^J. 

The FCSS test objectives were twofold:    (1) to quantitatively evaluate flight perform- 
ance while the aircraft was under direct FCSS control as commanded by the operator or 
under automatic FCSS control as commanded by the maneuver programmer- and (2) to 
qualitatively evaluate the operation of tne FCSS automatic control modes.   ' 

The quantitative results were taken from selected time intervals called data points 
or events which were planned to occur throughout the practical mission envelope of the 
aircraft   To accomplish this a variety of flight profiles were developed, each containing 
R SL; preP anned data Points approximately 30 seconds long.    During manned test flights 
of   htiT   f Tf Ut",ZeM t0 adequate|y cover the flight regimes of interest.   Examples 
Ts 20 to in'ln^"^5 are l,iU8!.r8lfd irISeCti0n l

1
11'   The tyPical data Point in these profiles 

hv Iwnlmk HS 9 andJ ^Ur,n9 th,S time' t,ie actual fli9ht Performance (as indicated by downlink data) was recorded using magnetic tape at the Fixed Ground Station (FGS). 

(1)    Flight Performance Under Direct Operator Control     The flight oerformancp 
results evaluated the pitch axis, throttle, and lateral axis flight control Ses of T FCSS 

SMÄ It6 ^^ "^ and thr0tt,e C0^ m0deS  and satisfactory tTe10^ 

f«ji     ■ P'tgh Ax|> and Throttle Con^^j ^r|n    Pitch hold occurs automatically 

n nZ9 Til        COmmand. S:9nal an^causes ^ ****** tö maintain the existing piVch 
Jll   i\ V        main^R

9
Ä 

Pltch aX'S and thrott,e contro1 modes are selected by commanding 
altitude hold or speed/Mach hold on pitch/throttle.   These flight control modes operate 
independently and may be commanded either directly or by an internal automJtKSram 

Eh rr^ t'V'6 T data Ttem are relative t0 ^e commanded referen     airspeed/' 
Mach and the altitude exis mg at the instant of altitude hold engagement.   This initial or 
reference value is referred to in this report as the nominal value 
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in   Figure 27A  iX^L^Ü £ ?<   PitCh  attituJe  hold data Points is Presented 
IL \\i' i    ■   y of  the  33  data  Points  was  out  of  the  SOW  tolerance  and 
the  recorded  deviation   in   this case was   1.1   degrees.     Deviation   for a  q ven  dat-   nnint 
is  expressed   as   a   percentage  of  the SOW   tolerance   limit      In thu        9   M     V l P       u 
attitude  hold  data  points Lid  be evTated  aTone  tie  e en'    ouT th    SOW Xr 

hTpS'attWhSi d;f!erent  flight  reg,meS-     The  results of « Ätea'  anaTyss 'of 

the f„ght of S^ÄÄ ^Är^^Ä^-weÄ^^-9 

The ability of the FCSS to hold altitude was tested throughout the altituH« 
and airspeed flight envelope at bank angles up to 75 degrees     The data nn^tc f.cl I i 

of bank with vertical velocity near ± 2000 fpm. engage at bU degrees 

Beyond 60 degrees of bank the stability of the pitch axis derreaspH     RP™.«. 
of this, the data points for bank angles above 60 degrees ^r^not normSS and ^ not 
expressed as a percentage of the SOW tolerance limit   ThrcapabityoT he FCSS 7o hold 
altitude at high bank angles is depicted in Figure 30.   Altitude ho d performance duHna 
programmed maneuvers at high bank angles is shown in F^! S?   Jhl^m7'o^mmi 
here since the altitude hold control mode that operates during a presentation i   the same 
mode that operates during normal flight conditions. Presentation is the same 

The maximum altitude attained by the drone was 56 870 feet Mqi   nn 

ÄTe rJs'L4 ft^Pn, ^ '' ^ 24)    This ^en^lT^re^uTe of 
rsemember 1974 SULTO Mr^'l' Udi ^T? bV the drone was 392 feet AGL on 
MiccT D I    (I:ULL0 No- 3' Fl9ure 23)   during straight and level flight    White Sands 

excdedZ SOW tarnetWaSfthe ^ ? the a,titude in^ation and these performances 

^Ä^d^girÄST'   The radar altimeter WaS 0Perati0nal f0?0n,V one 

X.su.ts fr™^ combm. wi. 

it w^J^KIAS016""06 deViati0n WaS±2-5 KIAS; dUrinS the 30 May^gTpÄ'flight' 

M^h      1.   «. SiTilar combination of results was made to present the Mach-on-oitrh anri 

?inhdep
neXt,eofd^ ffiÄ^I TySTnfhe F^ste^ ^ aS f^s^em 

considered justified for tJeVeZTs:  ^sT thVs^ec So^to^an^ ^W^ 

nS ,
a
edHbtVh

ai:red"holc! and Machhold on|y' and no ^^'msmtk^n^ 
pitch and throttle control systems.   Second, since speed-hold performance was eTcelLt in 

F nSI 'thCOmb,n,n9 Jhe da
t
ta pointS did not Present a misleading performance summarv 

Finally, the increased number of data points made available by combin ng reLtsaSed 
more conf.dence to be placed in the statistical results which are pr^semed In Table 3 
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TABLE 3.    FCSS PERFORMANCE RESULTS UNDER DIRECT CONTROL 

Flight Parameter 
Control Mode 

Altitude Hold 

Airspeed Hold 

Airspeed Hold 

Mach Hold 

Heading Hold 

Roll Altitude 
Hold 

Roll Altitude 
Hold 

Pitch Altitude 
Hold 

Pitch Altitude 
Hold 

Pitch Altitude 
Hold 

Flight Parameter 
Restrictions 

Level below 
10,000 feet 

Airspeed < 
275 knots 

Airspeed > 
275 knots 

Demonstrated 
Deviation Range 

Bank < 45 
degrees 

Bank > 45 
degrees 

Bank < 20 
degrees 

20 degrees ^ 
Bank < 45 degrees 

Bank > 45 
degrees 

32.5 feet 

1.0 knot 

5.0 knots 

0.008M 

0.6 degree 

0.7 degree 

1.4 degrees 

0.27 degree 

0.5 degree 

1.1 degrees 

'Expected Deviation 
Range - RMS 

39.8 feet 

1.2 knots 

6.6 knots 

0.0IM 

0.8 degree 

0.9 degree 

1.8 degrees 

0.4 degree 

0.7 degree 

1.4 degrees 

SOW Toler- 
ance Limits 

± 50 feet 

± 2 knots 

+ 10 knots 

± 0.03M 

± 1 degree 

± 1 degree 

± 2 degrees 

±0.5 degree 

11 degree 

± 2 degrees 

'This is the estimated deviation range for future flights calculated at a 95 percent 
confidence level. 
*Not applicable. 
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0to50 

Pitch Attitude Hold Accuracy Summary - 

Profile Flight Data from 6 May 1974 to 15 August 1974 

Within Out of 
Specificationj Specification 

 1  
I 
I 
I 
I 
I 
I 
I 
i 

I 
i 
• 

! |IIJUN| 
50 to 100 Above 100 

(Percent) 

Deviation Range of Actual Pitch Angle from Nominal Pitch Angle 
(100 Percent is the SOW Tolerance Limit) 

Figure 27.    Pitch Attitude Hold Accuracy 
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AUitude Hold Accuracy Summary 
Profile Data from 6 May 1974 to 3 September 1974 

Bank Angle < 60 degrees 

3 SEP 
27AUG 
22AUG 
22AUG 27AUG 
15AUG 10AUG 
10AUG 10AU6 
9AUG 9AUG 
9AUG 6AUG 
6AUG 3AUG 
SAUG 2AUG 
3AUG 2AUG 

29JUL 29JUL 
29JUL 26JUN 
3JUL 30 MAY 
8JUL 31 MAY 

11JUN 30 MAY 
4JUN 15 MAY 

31 MAY 14 MAY 
31 MAY M—1 6 MAY 

Within      s     Out of 
Specification j Specification 

I 
I 
i 
I 
i 
i 
i 

+ 

14AUG 
14AUG 
5AUG 
3AUG 

29JUL 
11JUN 
11JUN 
30 MAY 
4JUN 
4JUN 

17 MAY + 

15AUG 
4JUN 

30 MAY 
0 to 50 25 to 50 50 to 75    75 to 100 

(Percent) 

+ 

4JUN 
4JUN 

14 MAY 
BMAV 

Above 100 

Deviation Range of Actual from Nominal Altitude 
(100 Percent is the SOW Tolerance Limit) 

Figure 28.   Altitude Hold Accuracy 
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MMr   : 

Expected Altitude Deviations During 
Altitude Hold Control Mode 

(95 Percent Confidence) 

i 
+ 200 

iU 

SOW Allowable Deviation       ^ 
for 60 degrees Bank—^     / 

Bank 60 degrees 

tlOO 

Test Altitude    Feet x  ID3 

Figure 29.   Statistical Analysis - Altitude Hold 
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Airspeed Hold Accuracy Summary 
Profile Flight Data from 6 May 1974 to 27 August 1974 

27AUG 
22AUG 
15AUG 
14AUG Within      !     Out of 

20- 14AUG 
10AUG 

Specific :ationj Specifict ition 

• 

9AUG i 

3AUG • 
I 

3AUG • 

15 
2AUG 
2AUG 

! 

29JUL 1 
29JUL ! 

28JUN 
i 
1 

10 
2JUL 

2JUL 

i 
• 

12JUN 

11JUN 
30 MAY 

i 
« 
I 
I 
■ 

5 
4JUN 

31 MAY 
30 MAY 

• 
• 

15AUG : 
30 MAY 
15 MAY 

12JUN 
30 MAY 

■ 
• 30 MAY 

15MAY  i 30 MAY 
i 

6 MAY 1 
0 to 50 50 to 100 Above 100 

(Percent) 

Deviation Range of Actual Airspeed from Nominal Airspeed 
(100 Percent is the SOW Tolerance Limit) 

Figure 32.   Airspeed Hold Accuracy 
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Mach Hold Accuracy Summary 

Profile Flight Data from 6 May 1974 to 3 September 1974 

22AUG 
3 SEP 

27AUG 
22AUG 
15AUG 
15AUG 
14AUG 
14AUG 
10AUG 

Within     |    Out of 
Specif ication, Specif ication 

9AUG 
5AUG | 

3AUG 
3AUG 
2AUG 1 

2AUG 
29JUL 

*                                         9 

29JUL 
28JUN 
8JUL 
8JUL 
BJUL 
2JUL 

12JUN 
12JUN 
30 MAY 
30 MAY 
31 MAY 
31 MAY 
30 MAY 
30 MAY 
17 MAY 

—J 

9JUL 
2JUL 

31 MAY 

1 

 1- 
26JUN 
4JUN 

1 
1 

1 1 1  
0 to 0.01     0.01 to 0.02    0.02 to 0.03   0.02 to 0.03 Above 0.03 

(Mach) 

Deviation Range of Actual Mach from Nominal Mach 

Figure 33.   Mach Hold Accuracy 
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..«,   The ÄTÄ ^.ISTe? ^Ä^»^'^SÄ^ 

(wings level).    Heading hold w7th 7u^T,^^|l JÄ^Ä ^d .heading hold with ailerons 
Son.    The raining f|ight control moÄÄt^ 

34 and the C^Z^X^^Ä^S'rS^^ POin,tS iS 9iVen in F^ 
out-of-tolerance data points showed bank Se devia^ons of  ^ Ä1"3^ UT.   The four 

degrees, and 3.5 degrees.    The statistical resX fnr r^n    » I ^1? ^egrees' -1-4 degrees, 2.0 
in Table 3.   The roll authority SthTteralcomrn./<:f

tltUde ^ data points are Panted 
and     155 degrees of bank on^e June 19 4 ThlTexÄiZ iST*^ V™ degrees 

±135 degrees. exceeaed the SOW target performance of 

i> -nitiated b/ÄÄ^^Ä maiS ^isSL^in ^ fli9
h

ht ^2^ mode 

« Bd^gre. or .ess.    The statistical results  "Ä'hX^SÄÄ^Ä ^^ 

operations2^h^£it?ror^cCon?for■?yste^Tom"ealMa^ Under pr0^^ **** 
a specific g force is of prime interes      Under nnpr.t   *"* T^ a Specific bank ™^ and 
flight parameter, such Xk^'^t^^r^Z^J^r ^ 0f a C°ntrolled 

various modes of the FCSS subseauentlt HPIH thic     ! ^7     by t
1
he human controller.   The 

maneuver, however, the WtjÄ^fÄ^ ÄÄ"*0 ValUe'    Durin9 a Programmed 
operator control.   The analysis of f iahtTprnrml ,ntemally preset and independent of 
the programmer in determining ?his itial v^ue     C   mUSt theref0re inC,ude the accuracV of 

and g I^Ä ä^'hrT^^f^.'ZK^ dHetermine ^ ^ *^ 
loading, the flight control mode   use?to ma?ntlP

rn^   ™,ned
1 ^ Interval-   ^"P* ^rg 

cal to the ones discussed in pa^gS ?«7f     lÄÄ^Ä ^ airSpeed are id^- 
is to evaluate the ability of the programmer to   plrh tho'    JT "^ purpose of thl8 sect'on 
g loading for a given maneuver.    Excep^s noted  .11 -   t

cheduled ro11 a^ and scheduled 
system performance during record flights on"y ^ 0m demonstrated 

and ^^^V^'^uX^yS'^^^^^^ ^^ ^ 
were the installation of low pass filters   n the oror/'mpri^ the maneuver Presentations 
and the removal of airspeed input into   he artiS  fTI?6' S el,minate. random timer resets 
modifications are discussed in Z mortm^mLhT^T?* IN Justifications ^r these 
Wh&re required due to these changes. ParagraPhs and the data presentation is divided 

^iliMimed_ Maneuver Entry Parameters    THP ahiiit„ „t u.   . 
a predetermined point in toacaTt a alZn til! l!?^   L V 0f the tar9et to arrive ^ 
system evaluafon"   T^^^ZnZ^r^iZ' "'^ item in the 0^all 

-.depends more on operator ÄÄ,^ S^ Ä Ä^Ä SS"" 
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31 MAY 

|l4MAY 

Bank Attitude Hold Accuracy Summary 
Profile Flight Data from 6 May 1974 to 22 August 1974 

Within     |   Out of 
Specification) Specification 
 1 

l 

4JUN 
30 MAY 

4 

11JUN 
11JUN + 

0 to 50 50 to 100       100 to 150       Above 150 
(Percent) 

Deviation Range of Actual Bank Angle from Nominal Bank Angle 
(100 Percent is the SOW Tolerance Limit) 

Note:    None of these events are from a maneuver program presentation 

Figure 34.    Bank Attitude Hold Accuracy 
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Heading Hold Accuracy Summary 
Profile Flight Data from 6 May 1974 to 22 August 1974 
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IS MA i  , I   " ""    I II""""1! 1  

0 to 0.5 0.5 to 1.0       1.0 to 1.5       Above 1.5 
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Deviation Range of Actual Heading from Nominal Heading 

Figure 35.   Heading Hold Accuracy 
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PresentatiorLData^Pomts.   Pictorial representation of the maneuver presentation 
data points are given in Figures 36 and 37.   The presentations where g washout occurred are 
circled and in both cases the cause was low entry airspeed.   The presentations covered a 
considerable portion of the F-102 flight performance envelope. 

90  h.iw .nH g^1-4£^1Tr^gT^inquPrgyo!rmed Ma-ne"vgr!L    During the record flights between 
29 July and 6 September 1974, the FCSS had considerable difficulty attaining the scheduled 
cTn «n9-.    iUruq maneuver Presentations.   This problem was especially apparent in aircraft 
VrL . ? u'P   consistently maintained a nominal bank angle that was 6 degrees right of the 

scheduled bank.   The results from these record flights are summarized in Figure 38. 

K- u   «   * Analysis indicated that the bank angle offset was caused by a feedback voltage 
which affected the roll attitude circuitry.   This voltage, which normally is zero when the 
e evons are aligned  became zero on aircraft FAD 602 only when a slight offset existed in 
the elevons; this offset caused the aircraft to seek an equilibrium position  with  the right 
wing 6 degrees low.    During nonprogrammed flight the heading hold mode automatically 
generated a voltage which cancelled this offset and leveled the wings (see subparagraph 
entitled, L^tera  Directional Control Modes).    During programmed maneuvers, however  the 
heading hold offset voltage was disconnected and the programmer commanded bank angles 
about the equilibrium elevon position, which was 6 degrees wing low.   Consequently   presen- 
tations with right turns overshot the scheduled bank and presentations with left turns under- 
shot the scheduled bank. 

i*», »■     DaÄ-rl
his Proble

x
m was solved bV checking the feedback voltage prior to each flight 

with the PMTS and verifying that it was zero when the elevons were aligned    This procedure 
was started following the manned record flight on 6 September 1974.   The results from presen- 
tations made after this procedural change are depicted in Figure 39.   Although more data points 
are deoirable to draw statistical conclusions, the results indicated that if the aircraft was trimmed 
tor level flight when the elevons were aligned, the system did maintain the preset bank angle 
Aircraft which require differential elevon displacements for level flight due to an out-of-trim 
condition can be expected to bias the bank angle during a presentation.   The ability of the 
hLbb to maintain the nominal bank angle during presentations is also illustrated in Figure 38 
The similarity between the programmed results of this figure and the nonprogrammed data 
points in Figure 34 is expected since the roll attitude hold segment of the FCSS is identical 
in each case.   The mam difference in the two sets of data points is that tho programmed 
presentations were consistently made at bank angles above 60 degrees, while normal roll atti- 
tude hold data points were taken between 0 and 60 degrees. 

G Force During Programmed Maneuvers.   The maneuver programmer can be 
preset to command from -Ig to +8g over a time interval from 1 to 99 seconds    Actual 
testing covered a range from 2g to 8g over intervals from 10 to 20 seconds.   The test results 
of primary  interest mvolved the ability of the control system to attain the scheduled g force 
(at an acceptable rate) and to hold it for a specified time duration.   As previously stated two 
sets of results were necessary in certain instances due to the major modifications which were 
made prior to 4 October 1974. 

._    T. T|ie t8W results used to initially evaluate g buildup rate are presented in Figure 
40.   Tne correlation between buildup rate and altitude is caused by the response of the pitch 
trim motor.   At a given airspeed, the amount of available elevon deflection about the neutral 
trim position is limited.    If a scheduled g loading requires an elevon displacement which ex- 
ceeds this limit, the pitch trim motor must move the elevon equilibrium position so that the 
required surface deflection is attainable.   The pitch trim motor moves the elevon surface at 
an approximate rate of 1 degree per second.   Since a given g loading requires more surface 
deflection at high altitudes than low, the fixed operating speed of the pitch trim motor 
causes relatively long buildup times above 25,000 feet. 
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Maneuver Programmer Bank Accuracy Summary 
Record Flights between 29 July 1974 and  6 September 1974 

Within Out of 
Specification' Specification 
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5 SEP 

27AUG 
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2AUG 

29JUL 
0 to 1 1 to 2 

6 SEP 
6 SEP 

15AUG 
14AUG 10AUG 
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2 to 

(Degrees) 
4 to 8 

ISAUGl 
Above 8 

Deviation Range of Nominal Bank from Scheduled Bank 
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Specification, Specific ation 

5 SEP 1 • 
4 SEP 
4 SEP ■*    **          | 
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15AUG 6 SEP 
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0 to 1 1 to 2 
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4 to 8 2 to 4 
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Deviation Range of Actual from Nominal Bank 

Figure 38.   Maneuver Programmer - Bank Accuracy (Prior to Modification) 
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Maneuver Programmer Bank Accuracy Summary 
Record Flights between 10 September 1974 and 9 October 1974 

Within      ,      Out of 
Specification i   Specification 

 1— 
I 
l 
I 

10 + i 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 

t ■lil!£nat,'t     i. 

S ■- 

o ■- 
0 to 1 

26 SEP 
26 SEP 
26 SEP + 

10 -• 

5   •• 

1 to 2 2 to 4 4 to 8 
(Degrees) 

Deviation Range of Nominal Bank from Scheduled Bank 

Within     |     Out of 
Specification i Specification 
 1  

I 
I 
I 
I 
I 
l 

l 
I 
I 
I 
i 

Above 8 

9 0CT 

4 0CT 
26 SEP 

26 SEP 

26 SEP 

10 SEP 

0 to 1 1 to 
■4- 

2 2 to 
(Degrees) 

4 to 8 Above 8 

Deviation Range of Actual from Nominal Bank 

Figure 39.    Maneuver Programmer - Bank Accuracy (Subsequent to Modification) 
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Maneuver Programmer g Accuracy Summary 
Record Flights between 29 July 1974 and 26 September 1974 
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Figure 41.   Maneuver Programmer - g Accuracy 
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RECOVERY WiODE AREAS 
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altitude should be equal to or greater than the altitudeTir d ^ the  ^dtude or    ' ,'0n 

;s Ä'JÄrr1300 ,ee, abore ,he pro-mmed Ä "^ "* 

At Z end „^ t
M

h
ach,.hol""ih;«^ "'»«nee can be programmed between 0 2M and   "OM 

fhe'ai spe^d i    bov 'TlotiAs' TX "" "" S*,^"«™«' »««"" 0 and 60 degree! if me airspeed is above 310 KIAS,   If the airspeed is less than 320 KIAS the aircraft enters 
the automatic takeoff mode even if a pull up has been programmed 

conditions Js^c^^ 

ÄMrr s -" ääO'SS rsiH fee 
the programmed pull up will occur. cuydyeu.    ror tnese cases 

Due to the time constraints of the testing program the LAMP svstPm IMM not 
tested durmg a record flight.   The source of all performance ^orLt^Js^lZlo 
flight data taken on 12 October 1974.    During this flight the LAMP   yste^ was manua||v 

overpOWered below 250 feet in the barometric mode and below mmTZr^r^l 

Du in Thf ioTalti udrnr0!1" b0th
f 

instances bV entering the automatic takeoff sequence uurmg the low altitude phase the aircraft maintained 400 KIAS mfi7M> anH Ann w   u 
ground level as programmed.   A scheduled pull up to 40 deg^es of pteh was su^c   sfu^ 
accomplished following (he high speed pass.   The recovery sequence msulting f öm an LOC 
with failsafe on was tested during the second half of the fligh't and pXmed prpPerly 

nf. i™ 'n     A,l"omatic Takcoff/Abort/Landing/Takeoff Control Mode.   The automatic take 

and held unt^l the airc^ ^Ä/^Ä      oA ^ AtTo^"^ 

l^^he^^rb,u^;o^t,urna:ldv;f;racr27^
5

dKaI,Aose 240 %**■ and
h

2000 ^^^ 
tude of 20,000 feet MSL, X Z Z^l^^ZT^^^ZelL 
250 KIAS) are engaged with a simultaneous roll command of +30 degrees V™™* 

Although many minor changes have been made in the automatic takeoff flinht 
parameters throughout the test program, overall the system has perfo^T   tisfacto  lv 

No TfulTr '^'^K65 l^ erratiC headin9 contro1 during^akeoTo^   he NULLO No. 2 flight but since then the automatic takeoff sequence has not malfunctioned 

A takeoff abort command given below 150 KIA«; nr a i nr ..,:tu u. 
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Figure 45.   Loss of Carrier Logic Flow Diagram 
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Evaluation of the overall results of test and record flights indicated the FCSS 
provided the positive command guidance and flight performance necessary for the PQM 
target mission and complied with the requirements outlined in the SOW. 

(6)    Backup FCSS.   The Backup FCSS signals from an independent vertical gyro 
to send proportional rate pitch commands and displacement proportional roll commands 
which bypass the autopilot circuitry.   The backup FCSS was tested successfully on several 
flights and on PQM Record Flight No. 1  (13 August 1974).    Failure of the pitch trim 
actuator caused the backup FCSS to be used for recovery.    Operation of this system during 
the test program was very successful. 

b.    Command Control and Telemetry Systems 

The airborne system, as originally proposed, insisted of two basically independent 
subsystems identified as the forward telemetry and aft telemetry systems.    Each consisted 
of two stub antennas, an antenna switch, a transponder (Model 302C-2), an encoder, and 
a decoder.   A single PRE generator connected to one system was used to initiate downlink 
telemetry in the absence of uplink interrogation.   Problems experienced in tracking the air- 
craft in various flight attitudes resulted in the deletion of the forward telemetry antennas 
and switch and the installation of a single stub antenna on top of the aircraft vertical 
stabilizer.   The forward system was redesignated as the fin system.   Command and telem- 
etry problems necessitated modification of the decoder and upgrading of the transponder 
to a Model 302C-8, modification A, having more sensitivity and output power. 

For evaluation purposes, flights flown after 18 April 1974 with the above config- 
uration were the only ones considered.    Flights flown after 2 July 1974 utilized Model 
302C-8, modification B, transponders which improved MGS control ability.   The modifica- 
tion eliminated transponder automatic gain control (AGO action resulting from track signals 
and enabled AGO only in response to control signals. 

The ground systems consisted of the FGS and MGS.   The FGS, located in the 
White Sands Missile Range Building No. 1102 (King I), consisted of a dual console with 
suitable telemetry indications (lamps, meters, and indicators) to monitor the 62 downlink 
telemetry channels (proportional and discrete) and with a control stick and switches used 
to select the 52 uplink command functions (proportional, priority discretes, and non-priority 
discretes).   Tables 6 and 7 identify the command and telemetry channels.   The console also 
had a monitor test set used to compare the FGS selected command to the command actually 
transmitted by the FPS-16 radar.   The FGS was connected to two White Sands Missile Range 
FPS-16 radars (R-122 and R-123) via dedicated hard lines.    In operation, one FGS console 
was connected to a radar operating in the control mode with the other console being con- 
nected to a radar operating in the track mode.    Radar/console selection can be reversed by 
control switches on the FGS console. 

The MGS consisted of consoles similar to the FGS which were connected to self- 
contained radar units (primary and backup).   One difference was the split mode option 
which enabled the appropriate console to control those operational systems necessary for 
the particular operator to control, i. e., yaw and pitch. 

Evaluation of the flights after 18 April 1974 considered the range and transfer, 
uplink adequacy, downlink adequacy, MGS/FGS operations, system redundancy, and data 
recording/reduction.   The most significant problems, primarily those discussed at post mission 
briefings, are the only ones discussed here; problems experienced during routine preventive 
maintenance efforts and those prior to 18 April 1974 are not considered in the evaluation: 
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TABLE 6.   CHANNEL ASSIGNMENTS FOR PROPORTIONAL AND 
DISCRETE UPLINK COMMANDS 

Channel Name Channel Name 

Proportional Uplink Commands 
-i — .. 

1 Pitch 3 
4 

Spare 
2 Roll Spam 

Discrete Uplink Commands 
■i— — _  

1 Speed Hold on Throttle 25 Maneuver Selector C1 
2 Mach Hold on Throttle 26 Maneuver Selector C2 
3 Altitude Hold 27 Scoring On 
4 Speed Hold on Pitch 28 Scoring Calibrator 
5 Mach Hold on Pitch 29 Hold-to-Arm 
6 Automatic Takeoff 30 Fail Safe On 
7 Throttle Stop By-Pass 31 Guidance Foreward 
8 AGC Disable 32 Backup FCSS On 
9 Landing/Takeoff Mode 33 Throttle Increase 

10 Gear Up 34 Throttle Decrease 
11 Gear Down 35 Reference Increase 
12 Emergency Gear Up 36 Reference Decrease 
13 Brakes On 37 Afterburner On 
14 Speed Brakes Out 38 Pitch Stick Out 
15 Chute Deploy 39 Wings Level 
16 Hook Extend 40 Line-of-Sight 
17 Airstart Ignition 41 Skid Right 
18 Left Boost Off 42 Skid Left 
19 Right Boost Off 43 Spare 
20 Right Tanks Fuel Quantity 44 Maneuver Initiate 
21 Smoke On 45 Explosive Destruct Arm 
22 UHF Destruct System On 46 Explosive Destruct 
23 Backup Generator On 47 Maneuver Destruct Arm 
24 Radar Altimeter Test 48 Maneuver Destruct 
Note:   ( Channels 33 through 48 are priority commands 
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TABLE 7.   CHANNEL ASSIGNMENTS FOR PROPORTIONAL AND 

DISCRETE DOWNLINK DATA 

Channel Name 

1 
2 
3 
4 
5 
6 
7 
8 
g 

10 
ii 

i 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 

20 

Channel Name 

Proportional Downlink Data 

Altitude 
Altitude Rate 
Airspeed 
Mach 
Airspeed/Mach Reference 
Pitch Sin 
Pitch Cos 
Roll Sin 
Roll Cos 
Heading Sin 
Heading Cos 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Normal Acceleration 
Engine RPM 
EPR 
Exhaust Gauge Temperature 
Fuel Quantity 
Destruct Battery Voltage 
Angle of Attack 
Radar Altitude 
Spare 
Foreward Telemetry AGC Level 
Aft Telemetry AGC Level 

Discrete Downlink Data 

Altitude Hold 
Airspeed on Pitch 
Airspeed on Throttle 
Mach on Pitch 
Mach on Throttle 
Landing/Takeoff Mode 
Automatic Takeoff Arm 
Direct Throttle 
Nosewheel Steering 
Weight-Off Gear 
Aft Telemetry Top Antenna 
Switch Position 
Altitude Low (7440) 
Throttle Off 
Throttle Idle 
Throttle Military 
Throttle Afterburner Range 
Carrier No. 1 (Foreward Telemetry) 
Carrier No. 2 (Aft Telemetry) 
Command Foreward Telemetry 
Active (Carrier No. 1) 
Gear Down and Locked 40 

Hydraulic Oil Hot 
Primary Aircraft Failure 
Backup Aircraft Failure 
DC Power Failure 
Oil Pressure Low 
Pneumatic Pressure Low 
Fuel Pump Failure 
Fuel Low 
Tank Pressure Low 
Boost Pressure Low 
Anti-Ice 

Primary Hydraulic Failure 
Secondary Hydraulic Failure 
Gear Unsafe 
Fire 
Stall Warning 
Fail Safe Arm 
Destruct Arm 
Vertical Gyro Fail 

UHF Check Channel 



i 

(1)    Range and Transfer.   A primary test objective was confirmation of the ability 
of the FGS to provide positive aircraft command control for all flight regimes up to 200 
nautical miles within radar line-of-sight conditions and for MGS control up to 50 nautical 
miles. 

FGS control to 200 nautical miles was attempted on two occasions (14 May 
and 16 May 1974).   On the first flight, control was maintained for 200 miles outgoing but 
was lost during a portion of the return.   Analysis of radar data, aircraft position   and terrain 
indicated that the aircraft evidently went below the radar line-of-sight during the turn at the 
200 mile point due to mountainous terrain.   On the subsequent flight, the departure heading 
and 200 mile return point were altered and positive command control with short downlink 
data losses was confirmed to the 200 mile point and back. 

MGS control to 50 (primary radar) and to 10 (backup radar) miles was verified 
on several flights and MGS control up to 124 miles was accomplished on one occasion. 

Additionally evaluated was the ability to maintain positive command control 
during routine FGS/MGS handover of control and the immediate reestablishment of control 
in the event of FGS or MGS failure.    FGS/MGS data correlation, or the extent of agreement 
of the telemetry received by the MGS and FGS, was also evaluated.   The adequacy of the 
MGS X-Y plot board used to obtain a ground track while the PQM-102 aircraft was under 
MGS control was also evaluated. 

On one occasion failure of UHF communications just prior to handover created 
some confusion and a smooth handover was not accomplished.    However  controller response 
was such that the series of LOG were all less than 1.5 seconds and the LOG maneuver was 
not initiared. 

Two significant FGS/MGS handover related problems were experienced    Once 
during handover the FGS was unable to acquire track (downlink telemetry prior to assuming 
control).    It was also found that the MGS could not acquire track when the FGS was in 
control.   The situation was handled by having the MGS go to track mode prior to the FGS 
assuming control.   The problem was identified as an aircraft decoder problem (lack of track 
verification) and was corrected. 

On the first NULLO flight complete data loss occurred twice (no LOG).   The 
problem was eliminated when both the FGS and MGS selected the forward telemetry system 
Subsequent analysis indicated that during backup flight control system operation  when the 
FGS selected the forward telemetry system and the MGS selected the aft telemetry system 
both systems would remain on simultaneously.   A modification was incorporated to prevent 
operation of the PRF generator with the forward telemetry system unless the system was 
selected by the primary controller.   This eliminated recurrence of this problem. 

Operation of the plot board was adequate despite numerous problems with its 
alignment and operation.   The ground   track obtained, along with the FGS/MGS communica- 
tions and the MGS operator's familiarity with the expected PQM-102 approach path  always 
resulted in successful visual acquisition of the drone. ' 

(2)    Uplink Adequacy.    Uplink adequacy, described as the ability to provide desired 
commands to the aircraft FCSS, encompasses many variables between the activr .ion of a 
switch on the FGS or MGS console and the execution of the command.    Evaluation included 
the ability to provide positive command control throughout the mission, the ability to provide 
several commands simultaneously, and the ability to execute only desired commands 
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Although the downlink telemetry system should provide an indication when the 
aircraft .s not rece.vmg a valid command signal, it was found that in the evem of mardnai 
radar   rackmg the downlmk telemetry was lost prior to loss of uplink control    To proS 
a posit.ve .nd.cat.on of uplink loss, a modification was incorporated which povided a steady 
aud,o tone transmitted v,a the aircraft UHF radio (ARC-34).    This uplink loss hdica?ion 

Sors0       V t0 9r0lJnd COntr0ller' the ChaSe Pil0t' and "0 the tracking radar 

Positive command control, or the ability to maintain uplink control without 
losses of greater than 1.5 seconds in duration, was evaluated on 54 flights between   8 April 
and 6 September 1974^   (Note:    Loss of a valid uplink command signal for pSs greater 
than 1.5 seconds would initiate e.ther the failsafe or the LOG orbit destruct sequence ) 

9 co.    ^ i ™Pn the fLrst maximum range evaluation flight while under MGS control   a 
?hP m? nr^0^^^.3' a ^f 0f 25 mileS and a9ain at 49 mil^.    Rather °han initiate 
While under FGsP'S.'fnr60 COntr? and continued with the maximum ^angJ equation While under FGS control, LOG occurred at a range of 200 miles and the pilot assumed con 
trol for a portion o   the return flight.   As previously mentioned, it was conduded tTat the 
aircraft had gone below the FPS-16 radar line-of-sight due to mountainous ?erSn 

^       t u    ., S
1!.
gnifi(:ant L0C heater than 1.5 seconds) were not experienced on the remain 

der of the flights.   However, several LOG-related problems did occurP  On one occasion ^dna 
cl.mbout  the aircraft stopped accepting commands, the LOG tone did not come on   and the 
safety p.lot assumed control.   Analysis revealed an intermittent simulated carrS switch    The 
problem was eliminated by removal and replacement of the switch.    It ^as noted xhat the 

switched0      ^ haVe inflUenCed a PQM-102 f,i9ht Since this circuit '^"pS by NIELLO 

During an LOG test with the airspeed-on-pitch command selected the aircraft 
pitched over to atta.n desired airspeed.   The system disconnected at -2g and the pILt 

LOG^lTrTön JKXüS ^Ji ^^ md n0 COrrective action was tak'en    If LUL occurred on a PQM-102 under these circumstances, since the g-disconnect is disabled 
drone recovery would depend on reestablishment of carrier due to ?he Sge in ai era t 
position and the FGS controller's ability. 9        aircrart 

Altitude hold problems were experienced during an LOG test performed while 
the aircraft was transonic.   This can be expected in this region due to afr p'ressurTvarTatlons. 

cimi.i^Q      The abilLtV t0 send al1 and only desired commands, and the abiltiy to send 
simultaneous commands, was evaluated during this period.    No record was kent as tn thp 
maximum simultaneous commands sent but six to eight werrobSrved on s/ve a  o^a ions 
By design the system should accept all 52 commands simultaneously     Z known problems 

comma'ndrelaSd nZfpT9 aCtiVati0n 0f s'Tltane0US commands;"however, ^hefoTowng command-related problems were experienced during several missions: 

• One console of the FGS caused the aircraft to fly with one winq 
low on a mission.   Adjustment of the accociated FGS format 
converter corrected the problem. 

• While under either FGS or MGS control, when the aircraft speed 
brakes were closed, the LOG command was received (repeated 
several times).   The mission was aborted on the runway    An 
aircraft/FGSS grounding problem was identified and corrected 
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• The nonpriority discrete commands (from FGS or MGS) were 
inoperative when the forward telemetry system was selected 
during pre-flight checks.   The mission was flown using the aft 
telemetry system only.   A defective decoder was found to have 
caused the problem. 

• The FGS could not command the speed brakes on the forward 
telemetry system.   The problem could not be identified or 
duplicated during subsequent ground checks. 

• The FGS had difficulty latching on the landing/takeoff command 
and the forward telemetry system was inoperative during this 
flight.   The problem could not be duplicated. 

• The FGS was unable to command Mach-on-throttle from the 
primary console.   A short circuit and defective diode were 
found and repaired. 

• During one flight the MGS wings level command was inopera- 
tive and pitch-stick-out was used to execute a wings level 
attitude.   The problem could not be identified. 

• When under control of the MGS backup radar, the forward 
telemetry system would not accept the altitude hold command 
on two occasions.   The problem was identified as transmitter/ 
receiver feed-through in the aircraft transponder and was 
corrected. 

• The aircraft afterburner lit during the landing approach.   The 
problem was identified as an undersized noise spike or voltage 
created by operation of the speed brakes.   The spike initiated 
maneuver complete action including automatic takeoff.   The 
problem was eliminated by addition of a relay and re-routing 
of the associated wiring.   According to the prime contractor, 
all aircraft have had this modification incorporated.    However, 
on 9 October 1974, a similar problem occurred on a different 
aircraft when the afterburner lit   (uncommanded) during a 
touch-and-go.   The problem was never identified or duplicated. 

With the exception of the afterburner problem in the preceding paragraph, 
no inflight undesired response related to commands were identified.   Several undesired 
downlink telemetry responses were received but actual occurrence of the events was not 
coffirmed.   This is discussed in a subsequent paragraph concerning the downlink system. 

The aforementioned problems indicate a resistance of the system to accept 
all selected commands.   However, significant mission impacts were avoided through the 
experience of the ground controllers and by the system redundancies.   The accuracy of 
the commands as to the resulting flight maneuvers is covered in the data analysis section. 
Judging mission performance, it appears that a sufficient number of commands were avail- 
able to achieve the desired missions and that the desired confidence level was attained. 

(3)    Downlink Adequacy.    Downlink adequacy, described as the ability to maintain 
accurate aircraft telemetry information, includes the information needed by the ground 
controller to maintain positive command control of the aircraft and the recorded informa- 
tion required for analysis of aircraft performance to insure compliance with the SOW. 
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Evaluation of the recorded telemetry is covered in paragraph 2.b.(6). 
downlink telemetry problems were experienced on several occasions: 

The following numerous 

• The most significant problem was the inability of the MGS to 
obtain downlink telemetry when the aircraft was in the local 
pattern and FPS 16 radar R-123 was radiating (track or control 
mode).    Radar 123 was a 3-mega-watt unit with a klystron/mag- 
netron as opposed to radar 122 which radiated 1 mega-watt with 
a magnetron.    The only solution was with radar 123 completely 
passive during this period of the mission.   The exact cause of 
the problem was not determined. 

• The FGS experienced significant downlink data losses.    During 
most of these periods data was lost on both consoles and for 
periods up to 30 seconds.    Figure 46, a data loss summary for 
the record flights, shows the average and maximum durations 
of downlink data losses. 

• Fluctuating or intermittent indications were observed on the 
altitude, fuel quantity, airspeed. Mach reference, and g indicators. 
Offsets between FGS/MGS telemetry and aircraft indicators were 
also experienced.    Readjustment of the aircraft transponder AGC 
level corrected the offset problem. 

• Temporary destruct arm telemetry indications were received.    No 
means were available to confirm that this event actually took 
place.   It was suspected that lack of isolation of the White Sands 
Missile Range missile flights safety destruct box (FGS console) 
caused the problem. 

• The HEFU telemetry (a temporary modification) was very 
noisy making analysis of the destruct qualifications impossible. 
Improvement of the modification corrected this prob'sm. 

• The FGS primary console attitude indicator was upside down 
until the aircraft was above the lower altitude telemetry range 
(7500 feet).   The problem was traced to a telemetry patching 
problem between the FGS and White Sands Missile Range 
strip chart recorders. 

• It was also discovered that downlink data losses were more 
prevalent when the FPS-16 radars had their skin track local 
oscillators on.   The local oscillators enhance tracking in the 
event the transponder reply is lost.   Correction of the weak- 
ness was procedural by using a third FPS-16 radar on skin 
track slaved to R-122 and R-123 which operate with their 
local oscillators off. 

In summary, downlink adequacy appeared to be the weakest link but the 
losses did not significantly affect mission success. 
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a* th zrl ?*£o Operations. Rather than a detailed description of operations occurring 
a the FGS and MGS the following is a listing of the various problems that were experienced 
along with what was done to improve efficiency and reliability of operations: 

,.     c^c      J
Pr

l
oble.ms were experienced during pre-flight command/telemetry checks between 

the FG5 and the aircraft.    In most cases, the probable cause was listed as multi-path or recep- 
tion by the aircraft of multiple signals (reflections) from the FPS-16.    However   in only a few 
cases was the problem actually traced to multi-path.   The problem diminished, most likely as 
a result of improved operational techniques and improved transponder certification procedures. 

Radar 123 was in the control mode and track mode simultaneously (theoretically 
impossible) during pre-flight checks. The problem was corrected by resoldering several connec- 
tions m the FGS format converter. 

For a period of time interference was experienced between the MGS UHF radio 
and its backup radar.    Relocation of the antennas apparently eliminated the problem. 

Problems were experienced at least twice with the FGS/White Sands Missile Range 
telemetry interface (strip charts) but were resolved prior to aircraft takeoff. 

An abnormally high number of FGS problems were experienced but their occur- 
rence during missions was greatly reduced by the initiation of a weekly preventive maintenance 
ground check utilizing R-122 and R-123 

(5)   System Redundancy.   The redundancy designed into the command control/telemetrv 
system to insure a high degree of mission reliability was broadly evaluated to confirm its ade- 
quacy.   The following is a brief description of the redundant subsystems that were evaluated: 

The aircraft antennas (two for the aft telemetry system and one for the forward 
telemetry system) were designed to provide a continuous signal to their respective transponders 
for various aircraft flight attitudes. H      <= 3 

Two transponder/encoder/decoder combinations provided further redundancy for 
the command control/telemetry system.    In the event of a loss of downlink telemetry due to 
component failure or a weak downlink signal, the alternate system could be selected by command 
In the event of a loss of uplink car, ier the system could automatically switch to the alternate 
system.    Downlink telemetry indicated which downlink system was selected and indicated the 
recpntion of an uplink carrier by either or both of the aircraft transponders     In addition   the 
system was equipped with a PRF generator.   This unit, when activated by the decoder as'a 
result of LOG on both aft telemetry and forward telemetry permitted the encoder to output 
telemetry data m the normal sequence.   Should the LOG be temporary, the controller would 
be able to maintain a status on the aircraft functions. 

Cnc IO      ,    Redundancy at the FGS consisted of two independent consoles and two separate 
FPS-16 radars.   Either console could be connected to either of the radar for command control 
while the remaining console was used only to monitor downlink telemetry received by the other 
radar operating in the track mode.    A single radar could not be simultaneously connected to 
both consoles.    Redundant power supplies were used for the FGS consoles but neither the FGS 
nor the FPS-16 commercial power was redundant. 

Redundancy at the MGS consisted of two consoles operated either singly or in the 
split mode (as previously described).    Either the primary (50-mile range) or backup (10-mile 
range) radar could be selected for use.   The data from a single radar fed both MGS consoles 
Hedundant gasoline-driven generators were used for electrical power 
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typical problems ÄÄTl^ÄrZ^L^ ;edUndanCy of the above ^ 
requirements were listed in the SOW   an ^Ä^Ä   '". srmary' while no sPecific 

operation of all systems imrSZ'^^^,^^ k^ 0f redundancy existed and 

binary wiÄÄK^f^ It^ÄT^ ?f ^ ^'^ data is <*™ 
tion is catalogued and Xiked for naZ hv ^. ÄC?'m0dU,tt5r <M0DEM).   This informa- 
the information to digital toanaS ?onvertP

VrS ^nH T^ COnVerted ^ subsequently sends 
located at the fixed site    The oS?DS? of thP Hinl t * 90yernment furnished taPe recorder 

recorders and may also be recorded on m^npSrJnl 1^'^ c°nvrters drives strip chart 
possible sources of dito fOf a ^wff 1^^? JJT.     deS";ed-   Consequently, the three 
tion, strip chart recordlnp cÄ ng aSoq in olatin?9^'' taPe .containin9 dig'tai informa- 
taining analog information. 9 9 ,nformat,on' and ™ optional magnetic tape con- 

is digital d«f^^SMfi flSS^telSSd ma'nnJrf^ ^^ 0f dOWnlink fli9ht ^ 
referred to as digital tape    In STo^ it ^SL?Tlt,C tape recorder-   This source is 
instrumentation group (IRIGBtimnq on senS r

U
h

Plink .fT^ information and inter-range 
available from the distal ^» a4An InTbS ^T?"  pThe up.l,nk and 0™"^ data 
tain 10 bits of information (accuracy ^3 oercen   root mPL c

Prop°rtl0n.al ?ata channels con- 
on data analysis is discussed in Appendix B SqUare)' and the impact of this 

ware ^^m^^^l^^^^ ^J^ WaS n0t aVailable due *> hard- 
converter and ^^S'Jn^^ ^J^Sl data "ft nu0t Pr0vided bV the fo^at 
the deficiences wereP removed fom the ci^resTTnr^^^^^^^ by a

1
s^contractor.   After 

digital data an excel.ent source of ZuZ^g^X^!^ ^ the 

mary FGS coS^f^l^stripSt Tecl^ t™"^ inf0rmation from the P- 
This data was accurate with n 5 Dercent anH vl/c - H  g channe s at a ^ of 0.5 cm/sec. 
performance following a Son The stho rS rS H' a dulck-,u

ook evaluation of flight 
information in the fliqht test n^nnrlm anHP        I ^orders were the most reliable source of 
when other dat^S ^T^tive   PrOVed t0 be mVa,Uab,e durin9 manV earlV missis 

was analog dl?^^^ mA^'^ JiÄf SO
f
UrCe.0f d0Wn,ink fli9ht ^ 

or van tape since the recordin^was made ou J^ S*lti™*f reier?d t0 as the analo9 taPe 

Only 16 channels of information were avaS.linn th
!c9 ' CC?pleX In a lar9e mobile van- 

to be transmitted from t^ÄrFörÄ.   ^JlSSf?^ and .the data was re^^ 
the digital tape data for anaKrif necessarv «nH Je a     

al?9 T.W? intended t0 reP|ace 
digital magnetic tape ^J^Ttm^^t^duJL'Z^^^ 3 percent-   Since the 

the analog tape was deleted a^r I^LO !^2 ^T^t ^fT' ^ requirement for 

command O^^tZ^'^^^^.^i flightS indicated that the 

MGS/FGS could operate on the sampTpn..»^        A! sat!sfa^ory operation and that the 

accomplished ^^inZ^^ ^Z^^^Z^l^^ Stations could be 

downlink of data- (3) DOsitiTrZtrni ^nlhnJ 9*     lnt?JiP MMmwv uplink and 
tical miles, »^Iv« y^Sd wÄnlSÄSh ^ thfc MGS and FGS at 50 and 200 na"- H     vciy, dna \m compliance with the requirements outlined in the SOW. 



c.    Aerospace Ground Equipment (AGE) 

Hoiioma^Aif'For^BaTe:'6"1^ AGE ^ liSted be,0W were ™^ and utilized at 

System Test Bench (STB) 

Premission Test Stand (PMTS) 

Engine Control Unit (ECU) 

Brake Control Test Set 

Radar Simulator 

Target Group Simulator 

TABLE 8. 
SYSTEM TEST BENCH DEMONSTRATED TEST CAPABILITIES 

Unit 
Procedure 

No. 
Average Time 

(Hours) Patchboard 
Present 

Capability 

FRC 5320-10742 24 FRC Full 
IFC 

High Altitude 
Maneuver Programmer 

5320-10744 

5320-10745 

12 

20 ADC 

Full 

« 

Low Altitude 
Maneuver Programmer 5320-10746 24 ADC • 

ADC 

MD-1 Attitude Gyro 

5320-10747 

IT 43550-1 

10 

2 

ADC 

SYS 

Full if TTU- 
205 available 

Full 
System Test Not Available Unknown SYS Limited 

*Full capability if a 
is available. 

storage oscilloscope, strip chart recorder, or X-Y plotter 
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Ooeration of the STB required an assortment of precision test equipment     A 
list of this peppheral test equipment and where it was used   is shown  in Table 9. 

m^    T       The,re yvere on,y three hardware problems associated with the STB after June 
1974.    Two resulted in design changes and the third was a   ±15-volt direct current internal 
reference power supply failure in STB Serial No. 002. 

♦   * ln ^e ,fJ
Ut

1
Ure t0 increase the STB Productivity, a full complement of precision 

test equipment should be assigned to each bench.   This should include each item in Table 9 
except the Tektronix 211 oscilloscope and X-Y plotter.   These items should be replaced with 
a dual-trace storage-oscilloscope for each bench.   Also, the top shelf on the STB is not deep 
enough to safely hold most of the test equipment that is used.   The shelf should be modified 
or the equipment should be mounted in an equipment rack alongside the STB. 

(2)    Premission Test Stand (PMTS).   The PMTS was used to evaluate QF/PQM-102 
aircraft systems prior to flight.    It consisted of a mobile (trailer-mounted) unit to house all 
1^ T^TMIC"0 WaS electri5al|y connected to the aircraft by five 40-foot cable assemblies. 
Af er the PMTS was connected to the aircraft under test, a comprehensive test procedure was 
utilized to evaluate each of the aircraft subsystems.   Operator controls for application of 
electrical stimuli and measurement of resulting electrical responses were provided on six panels 
These panels were the command panel, data panel, system test pane!, indicator panel   pnqine 
control panel, and brake control test set.    In addition, there was an intercom panel to provide 
operating personnel with communications. 

The command panel provided the means for operator selection and control of 
discrete and proportional command inputs to the QF/PQM-102 aircraft. It was identical to 
the command panel used in the FGS and MGS. 

,    t ,    ,       T,?e da.ta Panel Provided readout of the aircraft telemetry data and was equiva- 
lent to the cockpit instruments.    It was also identical to the data panel used in the FGS and 

The system test panel provided test point monitoring, an AC voltage stimulus 
source, and two DC voltage stimulus sources.    It also provided lamps to indicate discrete 
commands that were sent to the aircraft and lamps to indicate the discrete command response 
Trom tn6 3i rcrcitt. 

The indicator panel was connected to telemetry data points picked up from the 
pallet assembly junction box prior to routing to the airborne telemetry system.   These functions 
were monitored on a built-in precision digital multimeter (Fluke Model 8110A) for precise 
nneasurement and routed to and displayed on the data panel.   The data panel readouts were 
then directly compared to the raw sensor data that was being measured on the system test 
panel.   Aircraft vertical gyro and directional gyro functions were measured on an attitude 
position indicator as well as simulated by the indicator panel.   The indicator panel also pro- 
vided switching to monitor the analog command signals on the digital voltmeter to evalute 
the aircraft surface response versus the command input.   Static response to discrete commands 
were either read directly from the data panel or by the digital voltmeter.    Responses were 
monitored from many points in the system, from the initial input to the final output. 

o    /QI      ^    The engine control panel and brake control test set are discussed in paragraphs 
^.a.(J) and 2.a.(4). r-     »   ^ 
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earlv nnrtinn n^th^15 ^i N0- 3090001 and 30100002 were used extensively during the 
early portion of the program for engineering evaluation and troubleshooting of the FCSS and 

ZJ   Al'so  tt SS??8' arlf0r the ^rrmt and verifi"tion of premiSon ^oS. dures.   Also, the PMTS was the primary tool for performing post PMQ-102 conversion around 
checks    All three PMTS (a third unit, Serial No. 4090003, was received in 5^2^ wT 
were, to a greater extent, utilized to perform routine premission testing of QF/PQM-102 aircraft. 

ina thP FCSfi1^ S0^^75^!^1016"^ WaS the lack of aPProPriate test equipment for test- 
ing the FCSS via the command telemetry system RF section.   The method currently used to 
perform a system test of this nature is to use the MGS ^o generate the commands and monitor 
the responses while the PMTS is being used simultaneously to eJuaTthes^ ßert^Te 
However, this ties up a valuable piece of operational ground equipment and do^nm provide 

atJufrpower e S,9nal t0 SimUlate ^ beCaUSe the MGS radars can only te operated 

Maintenance of the PMTS, with the exception of the 40-foot electrical cable 
assemblies, was mmima .   The largest maintenance item during the DT&E program was modi- 

h'ePMTS    Th^ reSU\07 Chan9eS t0.airCraft SVStems and due to improveSTmade^o the PMTS.   There was a 57 percent reduction in the number of modifications during the 
^cond 5 months of the program as compared to the first 5 months (TS^üJATSO   there 
was a significant decrease in the complexity of modifications. 

The only major maintenance problem associated with the PMTS was bent   broken 
and recessed pms m the connectors on the 40-foot cable assemblies which connect to ihe air 

1 "Ä^ The cables :issi9ned t0 PMTS Serial No. 3090001   had 24 recorded nin fa 
thTr,0 PMTS ?er.ial NO- 30100002 had 16 recorded Pin fail^es.    It Is noteS thatTur nq" 
the early part of the program pin failures were not always recorded.   A failure of this nau?e 

rneinhriCOrreCted W,th a qU?fix (the pin was not rePlaced) which frequently resulted in 
he pm failing again at a later date, or the PMTS was taken out of service; there wem no 

spare cables while the caole was repaired. 

and one OF in^^S/' ^ ^ ^ ufd successfully to premission test four PMQ-102 
LpabNitv to tel   hP Frc;Pcr,0r '?* t0ta, oi P drone missions'    With the addition of the 

S operational use "^ '    metrV SYStem' the PMTS wil1 be suitable 

testing the aP/muvS"^^^*!^ equipment be added to the PMTS to facilitate 
Testing tne Uh/K1M-102 FCSS via the command telemetry system RF section    Akn  a 

monitoring  start control, ignition control, throttle control, AC/DC powS? monitorinT failurp 
warning md.cat.on, and auxiliary control elements.   No external powe^i   r^qu ed for the 
ECU as all power used is derived from the aircraft. requirea tor the 

There were four engine control panels assigned to the oroaram at Hollnman Air 

in^MpS956' 0ne mStalled '" itS OWn case and classifiyd as a" ECU! aPn7tr other   hrTe 
installed in premission test stands.   The three units installed in premission test stands were 
used to checkout w.ring associated with aircraft engine ÄL dS ^e^reÄlTZ 
These units were interchangeable with the engine control panels in the ECU prem,SSIOn test- 

S 
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TABLE 10.  PMTS MAINTENANCE* 

Units 

PMTS (minus 
panels) 

Command 
Panel 

Data Panel 

Test Panel 

Indicator 
Panel 

Intercom 
Panel 

Maintenance 
Actions/Period 

Modifications 

Period 1        Period 2(2) 

8 

14 

10 

10 

8 

2 

52 

6 

4 

4 

4 

2 

22 

Repairs 

Period 1(1)   Period 2(2) 

6 

7 

2 

4 

0 

23 

7 

5 

5 

2 

0 

22 

*AII figures are for 2 each of the units listed. 

Note:   (1)   Period 1 is 1 January 1974 through 31 May 1974 
  (2)   Period 2 is 1 June 1974 through 31 October 1974 

Maintenance 
Actions 

Per   Unit 

17 

33 

26 

21 

18 

4 

Total 

119 

S 
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Maintenance of the engine control panel was required because of modifications 
either as a result of design changes to correct the unit's operation, changes made to the air-' 
craft, or internal failures.    Repair of the engine control panels was generally in response to 
random internal failures or damage caused by aircraft problems reflected into the engine con- 
trol panel affecting its circuits.   Also, there were apparent failures as a result of aircraft prob- 
lems.    In these cases, the engine control panels were checked out in the components test lab 
then verified operational on another aircraft.   A listing of the number of maintenance actions 
on each engine controi panel is shown in Table 11. 

Operations involving the engine control panels have evolved from completely un- 
satisfactory to very satisfactory during the DT&E program. ECU operation was without fault 
in support of all unmanned flights. 

It is recommended that a test fixture be developed to facilitate testing the engine 
control panels in support of a periodic inspection.   This would also eliminate the need to verify 
the engine control panels' operation on another aircraft when an apparent failure is suspected 
of being an aircraft problem. 

Also, an additional exhaust gauge temperature indicator should be installed with 
a range that starts at 100 degrees Centigrade.   This would facilitate more efficient monitoring 
of the remote engine start and give a better indication of engine ignition. 

(4) Brake Control Test Set.    Both brake control test sets (Serial No. 101 and 102) 
provided continuous service during premission testing; however, during the QF inspection of 
test set No. 102, wiring was found which did not meet MIL-SPEC-2597539-1 requirements. 

There was only one recorded failure against the brake control test set.   On 
7 October 1974, an IN961B diode failed in unit No. 102.   Operation of the brake control 
test set was satisfactory thereafter and all test objectives were met. 

(5) Radar Simulator.   The two radar simulators (Serial No. 154 and 143) were 
successfully operated by prime and subcontractor personnel in performing the following 
functions: 

•Weekly maintenance inspections and troubleshooting of the MGS. 

•White Sands Missile Range pre-flight transponder check.   This test 
was scheduled within 24 hours of each PQM-102 flight. 

•Troubleshooting of the command and telemetry system in the 
QF/PQM-102 aircraft. 

•Bench check and troubleshooting the command and telemetry system 
in the RF lab. 

»«oc Procedures designed specifically for using the radar simulator to checkout the 
and airborne command and telemetry system have not been developed    Rather a 

manual (Reference 1) which contained a general description of the unit, its theory of opera- 
tion, operating procedures, and maintenance instructions was used.   This  in addition to the 
complexity of the unit and the systems it was used to test, required operating personnel 
with a high level of expertise in the field of RF propagation and digital systems 

Reference 
1-    Handbook of Instructions for Model 616C-4 Radar Simulator. Vega Precision Laboratories 
Inc., Vienna, Virginia. 
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TABLE 11.   ENGINE CONTROL PANEL MAINTENANCE 

Engine Control Panel 
No. 309000X id) 4(2) 

Location PMTS No. 1 

Modifications 3 

Repairs 2 

Total Maintenance 
Actions per Unit 5 

ECU      PMTS No. 2       PMTS No. 3 

12 

22 

0 

0 

19 

Note:     (1)    Engine control panel No. 3090001 was returned to the prime 
contractor for testing and evaluation.  The engine control panel 
was upgraded to a Modification B before being returned to 
Holloman Air Force Base; consequently, there are no mainten- 
ance records prior to July 1974 available. 

(2)    Engine control panel No. 3090004 arrived at Holloman Air 
Force Base in October 1974.   

There was only one radar simulator failure recorded during the program.   On 
1 October 1974, simulator No. 143 was found to have low power output from its transmitter. 
The unit was returned to the subcontractor for repair. 

It is recommended that reference be made to the applicable operating procedures 
in the manual (Reference 1) in the QF/POM-102 Mobile Ground Station Weekly Checkout 
Procedures. 

(6)   Target Group Simulator.   The target group simulator (Serial No. 0011) was suc- 
cessfully operated by prime and subcontractor personnel to troubleshoot and perform weekly 
inspections on the MGS.   Procedures designed specifically for using the target simulator to 
checkout the MGS have not been developed and a manual (Reference 1) was used.   There 
were no failures recorded against the target group simulator during the program. 

It is recommended that reference be made to the target group simulator in the 
OF/PQM-102 Mobile Ground Station Weekly Checkout Procedures where it is used.   This 
should include hookup instructions and reference to applicable operating procedures in Section 
3 of the manual (Reference 1). 

Evaluation of the overall AGE performance indicated the AGE supported the 
test program in a satisfactory and timely manner and complied with the requirements outlined 
in the SOW. 
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d.    Miscellaneous 

(1) Backup Power Systems (FGS/MGS/PQM-102).   The FGS is powered by several 
electnca   power sources    Each console contains several power supplies dependent upon com- 
Tc0   .    Ion0    .    ' 60cycle Power.    In addition, two government furnished 28-volt DC and 
lib-volt  400-cycle power sources are required.   A switchover circuit allows operation of both 
consoles from a single 28-volt to 115-volt supply in the event of one failure.   All of the above 
are dependent upon commercial power for which there is no backup or redundant system 
Tests conducted to evaluate the switchover circuits and the ability to maintain positive com- 
mand control of the aircraft indicated satisfactory operation. 

The MGS contains two independent gasoline-powered generator systems (6 5 
kMowatts) which provide 115-volt AC, 60-cycle power, 115-volt AC, 400-cycle power  and 
20 volt DC power.   Automatic/manual switchover is provided.   The ability to provide ade- 
quate power for 30 minutes continuous operation of all critical command control equipment 
necessary for safe recovery of the QF/PQM-102 was avaluated and operation was satisfactory. 

The PQM-102 contains two government furnished lead-acid 24-volt  36 ampere 
hour batteries in addition to the basic F-102 backup power systems.   The ability to provide 
DC essential busload and power for all essential flight functions in the event of DC generator 
failure and the ability to provide a warning signal to the FGS to indicate an AC or DC gener- 
ator failure was evaluated.   Ground tests and in-flight failures experienced indicated satsifactory 
performance. ' 

(2) DIGIDOPS.   System problems were identified early in the evaluation program 
which contributed to establishment of an artificial dead zone (35-foot radius around each 
antenna).   The first problem was the physical separation between antennas.   Actual antenna 
separation on the aircraft is 39 feet which could create a cross talk situation.   The second 
problem was due to the size of the F-102 and the   large  number of inspection panels causing 
excessive noise to be generated.   This problem was significantly alleviated by placing tape over 
loose panels and hinge plates in the immediate vicinity of the scoring antennas.   One sortie was 
flown during the latter portion of the test program which provided for a reduced dead zone 
SrJ» feet using a different scoring technique.   This technique was further evaluated during 
Ul&b of the target system.   Actual scores are computed within the dead zone by mathemat- 
ical computation utilizing missile velocity and time within the zone. 

Evaluation of system accuracy was accomplished by comparing DIGIDOPS miss 
distances to cinetheodolite optic data obtained during a series of High Velocity Air-Launched 
Kockets (HVAR) and AIM series missile firings.    The precise comparison of scoring data was 
complicated by the different reference points used:   (1)   DIGIDOPS distance is referenced 
to the antenna closest to the incoming missile;   (2)   optical data references to the center of 
the engine exhaust or the nose of the PQM-102 aircraft, depending on which is requested by 
the user; and    (3)   missile references are the missile plume or the nose cone for optical data 
and the missile reflected RF energy for DIGIDOPS data. 

D™. ,no   ■  Scpre comparisons from a series of HVAR and AIM missiles launched at the 
PQM-102 aircraft at Holloman Air Force Base between September and December 1974 
are shown in Tables 12 and 13. 

it should be noted in connection with the scores shown in Tables 12 and 13 
particularly those within 35 feet, that the delta between the optics and DIGIDOPS final    ' 
miss distances was converging because data reduction techniques were improving over the 
evaluation time span.   Therefore, it is possible that an error of -1.5 feet to +2 5 feet 
existed between the two miss distances.   However, both could be correct due to the dif- 
ferent reference points used. 
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TABLE 12.   HIGH VELOCITY AIR-LAUNCHED ROCKET 
(HVAR) MISS DISTANCES (FEET) 

DIGIDOPS OPTICS 

140 

140 

238 

172 

100 

137 

Failure to score on two HVAR firings is undetermined. 
However, the slow closing velocity of the HVAR is one 
suspected cause. 

TABLE 13.   AIM MISS DISTANCES (FEET) 

DIGIDOPS OPTICS 

15 13 
11 9 
10 9 
28 31 
33 33 
92 89 
33 23 
13 18 
49 48 
31 31 
6 6 
10 10 
33 33 
100 101 
3.5 3.5 
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PQM-IO^icfahlh^^^lSTr.1" ^ l0.0btain satisfactory braking action on the 
LhLV      a'rc/art' the basic F-102 brake system had to be modified.   Additions included 
wheel speed transducers, solenoid shut-off valves, brake relay valves  a servo valve  and a 

nfTJ^ COntainin9 elefr0nic CirCuitrV-    Braking action i« accompli hed by the inmtion 
of the brakes on command via the normal command system.   The brake svsteman^pfthp 

corrections (via command system) are required to maintain a constant heading 9 

Initially, problems were experienced with this system which reauired sevpral 
minor design changes.   Subsequently, the system worked very effectively and desian ohTpr 
tives were met.   The effectiveness of the system for landings\Twet   Iway Snot J 

evaluated during the DT&E at Holloman Air force Base. 

(4)   Smoke System.   A smoke generating system was installed on the OF/POM in9 
aircraft    The system consisted of an oil storage tank (tank assembly   c^adeaslembrv 
hydraulic pump, shut-off valves, vent valves, check valves, drain valves' nozz'e assembL 
associated plumbing and an electrical system (Figure 10). assemblies, 

t.nk wont .  IA 28-ru0lt D,C COntro1 volta9e from the nose wheel door-closed relay closes the 
mok^re av    A 28 vn^nT ^.T" ?nd ClOSe the 0i, SUpp|y valve is contro|S by the 
tTt. a t mpr    TS t        C c

t
on

1
tro' voltage from the pallet operates the smoke relay and 

starts a timer    The time controls the application of control voltage to the pumo control 
valve, which is open for 2 seconds and closed for 5 seconds.   Oil from the S flow   ?o 
ThV"!6?1?6 0|   the

f
hVdraulic pump and the oil is then pumped to the nozzle seecTor valve 

«. Wt it was observe that the smoke t/ai! had Ä ,Ä« taÄ .ftÄST« Nah   9 

and ,h. ™S.">,, SPefdS bel0",250 «IAS.   A second test was coodooted on 16 ApriM974 
and the smoke generation In military power at all airspeeds and altitudes was very aood 
hn, ^       ^f'TV" after,burner w<" asain not as effective as in mMitaTy power mode 

conductelfL^Aum.^5^ hA T^ evaluation of ^e explosive destruct system was 
ThP tpJt nr^   I      ^       1974 by the government at Kirtland Air Force Base   New Mexico 
The test proved conclusively that the MK-48 warhead used in the system would sLrthl 

End at'rdiSnrp6 n?^ f"?*?*^ "^   Si9nificant debris'?^ The exp o ion'was 

focatU1 d^sSran^ si^ ^jTin^aSW itSe,f-   A deSCriPti0n 0f the ^ ™^ 
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TABLE 14. DESTRUCT SYSTEM DEBRIS SCATTER 

Description 
Weight 

(lb) 
Angle 
(deg) Fore 

Distance'1' 
Aft         (feet)               Size 

Armament gear door, right 20 10 X         83.5 8 in by 4 ft 

Armament displacement gear 5 0 59.5 6 in by 8 in 
Missile bay doors ... 0 40.0 8 ft by 2 ft 
Fuselage section 15 0 40.0 3 ft by 4 ft 
Armament gear door 20 60 X 56.0 8 in by 4 ft 
Small structural member 5 60 X 34.0 1 ft by 2 ft 
Transformer 10 0 29.5 4 in by 5 in 
Armament gear door 5 0 155.0 6 in by 2 ft 
Rack 2 40 X 122.0 4 in by 4 in 
Hook 1 0 235.0 3 in by 3 in 
Hinge from bay door 5 0 14.0 3 in by 3 in 

Note:   (1)   Distances are measured with respect to the rear missile bav 
measured from aircraft longitudinal axis Angles are 

25 Units 
10 Units 
10 Units 

Total    45 Units 

Ambient Temperature 
160 Degrees Fahrenheit 
65 Degrees Fahrenheit 

^-^-^ÄrsÄr*^^ 
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A single ground evaluation of the maneuver destruct system conducted on 
8 October 1974 confirmed movement of the elevons from the takeoff trim position to full 
down (8 degrees from streamline) upon execution of the maneuver destruct sequence.   The 
elevons remained down after execution of the commands.    No problems were experienced. 

Destruct System-Airborne Tests.   After the individual components of the PQM- 
102 destruct system were qualified to White Sands Missile Range flight surveillance specifica- 
tions, a series of test flights were initiated to verify the reliability of the system as a whole 
while airborne.   The tests were conducted with manned QF-102 aircraft with dummy elec- 
trical loads installed in place of the actual EBW.   Noisy HEFU telemetry precluded analysis 
on several flights and low destruct battery voltage telemetry indications were observed.   The 
noise problem was corrected and an improved battery charging procedure was developed.   The 
UHF destruct system was also evaluated, independently of White Sands Missile Range flight 
safety requirements, and significant problems were not experienced.   Satisfaction of all destruct 
system qualifications was accomplished prior to the first unmanned flight on 13 August 1974. 
Subsequent to this flight, two significant problems occurred.   One problem occurred during 
T-24-hour destruct system checks and was identified as a HEFU failure.   The unit was re- 
turned for failure analysis and a faulty component was identified.   On 1 October 1974, during 
pre launch checks, the destruct system was intermittent and the problem could not be identi- 
fied.   The mission was aborted prior to takeoff.    Further analysis revealed the problem to be 
a defective circuit in the UHF transmitter box.    In an attempt to prevent recurrence of the 
problem, the UHF destruct receiver, WOG relay, key switch, and HEFU were removed and 
replaced. 

In summary, the destruct systems proved to be reliable and satisfactory. 

3.    MAINTENANCE 

During the course of the DT&E, AFSWC observed various aspects of the contractor main- 
tenance operation.    Because this operation was the responsibility of the Air Force Contract 
Management Office (in particular, the F-102 peculiar maintenance operation), this report only 
considers the target system maintenance portion of the program. 

a.   QF/PQM-102 Premission Test 

Premission testing of the QF/PQM-102 Target System was accomplished in accord- 
ance with the prime contractor's specification IT5320-10740, entitled, "Premission Test 
Procedure for the PQM-102 Target System."   These procedures evolved from lengthy, awk- 
ward, and frequently erroneous ground tets procedures (which were used during the early 
months of the DT&E program) into an outstanding premission test document. 

The premission test document contained a test scope, an instrumentation and test 
equipment list, a document list, a section on safety, a general information section, a test 
setup section, a test requirement section consisting of 115 tests (Table 15 contains a list 
of these tests), a data recording section, and a section defining re-test requirements.   The 
primary test fixtures for performing the premission test were the PMTS and the MGS.    In 
addition, many items of standard aircraft AGE were required.   These items are listed in 
Table 16. 
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TABLE 15.   LIST OF PREMISSION TESTS 

Test No. 

1 

2 

3 

4 

b 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Test Title 

Test Setup 

Initial Povver On 

Air Data Computer 

Primary and Backup MD-1 

J4 Compass System 

Normal Accelerometer 

MC-1 Rate Gyro 

Primary MD-1 and Backup 
MD-1 Telemetry 

Heading Telemetry 

Elevons, Servos and HEP Valves 

Pitch Attitude 

Pitch Scheduling from Airspeed 

Pitch Rate Gyro Gain 

Normal Accelerometer Gain 

Altitude Hold Gain 

Altitude Hold Integrator 

Altitude Rate 

Airspeed on Pitch 

Airspeed Integrator 

Mach Hold on Pitch 

Mach Integrator 

Pitch Gyro Synchronizer 

Angle of Attack 

Roll Attitude below 30,000 Feet 
Altitude and Heading Hold Roll 

Roll Attitude above 30,000 Feet 
Altitude and Heading Hold Roll 

Roll Attitude Non-Heading Hold 
Roll 

Test No. 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 
47 
48 
49 
50 

51 

52 

Test Title 

Roll Gyro Synchronizer 

Roll Stick Gain 

Roll Stick Gain in Landing/Takeoff 
Roll Rate 

Roll Rate in Landing/Takeoff 

Roll Rate with 0 Greater than 
70 Degrees 

Skid Command into Roll 

Yaw Rate Gain (Series Servo) 

Yaw Rate Gain (Parallel Servo) 

Heading into Rudder 

Nosewheel Steering 

Skid Command Integrator 

Skid Command Lag 

Heading Gyro Synchronizer 

Roll Rate Crossfeed 

Roll Rate Crossfeed Airspeed 
Scheduling 

Roll Rate Crossfeed Washout 

Roll Commend Crossfeed 

Roll Command Crossfeed 
Airspeed Scheduling 

Direct Throttle 

Speed Hold Throttle 

Mach Hold Th ottle 

Pitch CrossfpfK: Throttle 

Maneuver Programmer g 
Follow-Up 

Maneuver Programmer g 
Limiter 

Alpha g Limiter 

■ ■ 
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TABLE 15.   LIST OF PREMISSION TESTS (CONTINUED) 

Test No. 

53 

54 

55 
55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 
70 

71 

72 

73 

74 

75 
76 
77 
78 

Test Title 

Recovery Mode 

Maneuver Programmer Test Setup 
(Tests 55 through 59) 

Maneuver Programmer Roll Axis 

Maneuver Programmer-g Command 
plus Airspeed on Throttle Modes 

Maneuver Programmer Altitude 
Hold also Pitch Axis Lift 
Compensation 

G-Error Integrator 

Maneuver Programmer Time 

Backup Throttle 

Backup Yaw 

Backup Pitch Attitude 

Backup Pitch Attitude Command 
for LOC 

Backup Pitch Stick 

Backup Pitch Rate Feedback 

Backup Roll Stick 

Backup Roll Attitude 

Backup Roll Rate Test 

Speed-Brakes 

Drag Chute 

Arresting Hook 

Boost Pumps 

Aircraft Power Control 

Transmit-Receive Monitor 

Fuel Quantity T. M. 

Engine Pressure Ratio 

Engine RPM 

Exhaust Temperature Indicating 
System 

Test No. 

79 
80 

81 

82 

83 

84 
85 
86 
87 
88 
89 

90 

91 

92 

93 

94 

95 
96 

97 
98 
99 

100 

101 

102 

103 

104 

Test Title 

Pneumatic Pressure Low Warning 

Primary Hydraulic Pressure Test 

Secondary Hydraulic Pressure Test 

Hydraulic Oil Hot Warning 

Fuel Low Warning 

Fuel Tank Warning 

Engine Fuel Pump Warning 

Fire and Overheat Detector 

Oil Low-Pressure Warning 

Anti-Ice Warning 

Altitude Hold Mode Interlocks 

Speed Hold Elevator Mode 
Interlocks 
Mach Hold Elevator Mode 
Interlocks 

Speed Hold on Throttle Mode 
interlocks 

Mach Hold on Throttle Mode 
Interlocks 

Maneuver Programmer Mode 
Interlocks 

Wings Level Mode Interlock 

Heading Hold Roll Mode 
Interlocks 

Landing/Takeoff Mode Interlocks 

Automatic Takeoff Mode Interlocks 

Takeoff Abort Mode Function 
Check 

Automatic Takeoff Mode 
Function Test 

Afterburner 

Airstart Ignition 

Smoke 

Explosive Destruct 
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TABLE 15.   LIST OF PREMISSION TESTS (CONCLUDED) 

Test No. Test Title Test No. Test Title 

105 Orbit Destruct Ill Beacons System 

106 LOG Fast Destruct 112 Brakes Control System 
107 Loss of Power Fast Destruct 113 Landing Grea Control 

108 Command Destruct Recivere 114 Command and Data Test 
109 Maneuver Destruct 115 QF-102 Aircraft Functions 
110 DIG! DO PS System 116 Shut-Down 

TABLE 16.   PREMISSION Th.r EQUIPMENT 

Equipment Characteristics 

Aircraft Electrical Ground Ground Power Unit +28,±2-volt DC, 100 ampere mini- 
mum.   115-volt AC 400 Hz WYE, 
30 amperes per leg minimum. 

Hydraulic Cart MK-3 or equivalent 

High-Pressure Air Compressor MC-11 or equivalent 

Air Data Test Set 1 1 U-93, TTU-205 or equivalent 

Aircraft Jacks (2 each) 10 ton 

EBW Simulator/Pulse Evaluator Test Set TE-114 or equivalent 

Maintenance Stand As required 

Safety Markers As required 

Safety Locks As required 

Nose Wheel Turntable or Greased Plate As required 

Tachometer Indicator-Generator Test Set 1 1 U-27/E or equivalent 

Engine Thermocouple Tester BH112JA-11G1T9 or equivalent 

Rudder Protractor As required 

Pneumatic Pressure Gage (2 each) 0 to 1500 psi 
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Premission tests were completed on four PQM-102 aircraft, three of which flew five 
successful drone record missions.   The average time for the initial premission test on these 

ZTnn llS nt in9rS-   Th
ff
re
c

wls no record of the times to perform the initial premission 
nn HP ino QF-102.aircraft-   Subsequent to July 1974, five premission tests were completed 
on QF-102 aircraft in an average time of 26 hours; subsequent to August 1974   four ore- 
mission tests  other than the initial one, were performed on PQM-102 aircraft in an average 
Tl POM ino1"5'    Alth°u9h *?9 COmplet« premission tests, one on a QF-102 and the other 
on a PQM-102, were performed in 19 hours, it is felt that 22 hours is a more realistic time 
tor a premission test involving no major troubleshooting effort. 

Numerous failures, wiring errors, and design problems were uncovered in the FCSS 
nd aircraft during early premission testing.    In an effort to determine how effective the 

premission test was at identifying in-flight problems, airborne squawks and subsequent pre- 
mission testing efforts were closely monitored on QF-102 FAD 601 and FAD 602 for 2 
months.    A total of 38 problems were logged against these aircraft with 23 of them beina 
p emission test verified on the ground.   Of the 13 problems which could not be reproduced 
on the ground, 11 mvolved flight dynamics (i. e., automatic takeoff rotation error Sn takeoff 
only 3.6g maneuver with 4g programmed, and aircraft heading-error when coming out of LOG) 
one was an MGS problem and the last was an intermittent switch on the AFSC panel in the 
cockpit.    Including the flight dynamics write-ups, the premission test was able to detect 62 
percent of the in-flight problems.    Excluding flight dynamics problems, the premission test 
was able to detect 96 percent of the airborne failures, all of which were corrected by main- 
tenance action.   This study points out the one shortcoming of test philosophy for testing 
non-pi ot-rated aircraft:   the inability to detect problems involving aircraft dynamics. 

b.    Maintenance Technical Data (PQM-102) 

Thorough evaluation of the adequacy of PMQ-102 peculiar maintenance technical 
data and test procedures was not accomplished by the AFSWC.    However  a qualitative 
appraisal was made during routine evaluation of test operations.   Due to the continuing 
nature of the design changes required during the DT&E phase, current maintenance techni- 
cal data and test procedures were not completed by the contractor.   Test operations were 
normally conducted by experienced personnel using available engineering drawings and the 
basic equipment operating manuals.   The basic series of F-102 Technical Orders were up- 
dated to include PQM-102 peculiar items, and some of the required data and procedures 
have been developed.   With the possible transfer of experienced personnel and the subse- 
quent hiring of inexperienced personnel, it was imperative that continuing attention be given 
to the completion of essential data and procedures.   Complete inspection, fault isolation 
repair, calibration, and test data/procedures were needed to increase the efficiency of op'era- 

c.    Logistics (PQM-102) 

frnm Ac, P9iS.^.ST0rtcabilitV
D
0f P2M-102 Peculiar requirements was investigated by a team 

from AFLC   Kelly Air Force Base, Texas, and their findings were submitted to the PQM-102 
bKU.    Included in the review was maintainability, current maintenance data   reliabilitv   level 
of repair  special storage or transportation requirements, DATAC technical data  and reprocure- 
ment rights.    No serious deficiencies were noted except for those relating to reprocurement 
requirements.   Since the prime contractor claimed proprietary rights to 47 of 80 contractor- 
furnished documents, it was felt that the Air Force's ability to provide follow-on support 

or?h0
9 Pn0^iPnotcDenrep!^CUrement mi.9ht be serious|y imPaired. Resolution of this was left 

to the POM- 02 SPO. Observations of the AFSWC test director, relating to test procedures 
and technical data during the DT&E phase at Holloman Air Force Base, are covered in para- 
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.1 

d,    Fdilure Analysis 

The failure analysis cycle as maintained by the contractor was evaluated for adequacy 
The cycle started with the failure of a component and the initiation of a Reliability and 
Maintainability (R&M) form.    If the part was a prime contractor provided part  the R&M 
report and part were returned to the prime contractor's plant for a failure analysis    The 
findings were sent to Holloman Air Force Base and a tabulation or record of all failures 
was maintained in the prime confactor's Reliability and Maintainability Allocations  Assess- 
ment and Analysis Report.    For vendor provided parts a debit notice form was prepared 
The form and part were returned for analysis and repair or replacement.   On some items 
a government representative was required at the vendor's facility for final approval during' 
the repair cycle.   The findings of the analysis were then sent to Holloman Air Force Base 

No signi 
It appeared that the failure analysis cycle was adequate and worked satisfactorily 
ticant deficiences were noted. 

e. Contractor Maintenance Operations 

The manner in which the prime contractor and associated subcontractors conducted 
their maintenance operations was broadly evaluated during the OT&E at Holloman Air Force 
Base.    Initially, coordination was lacking between the prime contractor and the subcontractor 
responsible for the aircraft maintenance.    After establishment of a maintenance control section 
coordinations greatly improved, resulting in more efficient operations. 

Problems were experienced in the documentation and follow-up of the various types 
c!>fe , exPer,enced-    Initiation of separate discrepancy logs for the MGS   FGS  and 
FCSS improved matters somewhat.    However, two serious deficiencies existed 'in this system 
First, a large number of the significant problems, especially those discussed during mission 
debnefmgs, were not entered in the logs.   The items should have been entered in the logs 
during the debnefmgs.   Second, the corrective actions listed for many problems were techni- 
cally unsound and did not conform to established procedures outlined in Air Force Manual 
66-1.    It was deemed that a tighter and more accurate quality control of maintenance efforts 
including documentation, was necessary.    Consequently, through coordination and resolution   ' 
a very high level of cooperation between the Air Force and associated contractors was accom- 
plished. 

f. Interchangeability 

Although there were no special tests performed to demonstrate interchangeability 
several FCSS components were flown in pallets other than their own.   All LRU were tested 
to the same test specifications on the STB after maintenance action or prior to integration 
into a new system    Also^ in June 1974, the pallet from PaM-102 FAD 605 was flight 
evaluated in QF-102 FAD 602 with no indication of any interchangeability problems 

g. POM-102 Conversion 

After arriving from Crestview, where F-102 aircraft are configured to PMQ-102 
Target Systems, the aircraft were prepared for unmanned flights.   This conversion effort 
consisted of 55 aircraft modifications which took 403.3 manhours to perform    After the 
conversion was completed, an extensive ground test was performed in accordance with the 
prime contractor's document EB 5320-10702.   The ground test took approximately 12 work 
days, and consisted of a test and calibration sequence, a premission test with the FCSS oallet 
electncally connected to the aircraft, a premission test with the pallet installed  and an air- 
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procedure adequately prepared the PQM 102 ?or fl ihT    nT"9 ^iS™^ the inversion 
were flown m an unmanned configur^n afte? be nS on th?65 FA?.604 and FAD 605 
The only problem encountered was the failurp of   hf he 9^und for over 6 months 
This problem, which was due toTdef^tivp trim c > ^'^'y FCSS on NULLO No. 1 
normal premission test. However DremisLt«t W,tCh^ COUId not be duplicated on a 
detect this type of maifunctTon      Prem,SS,on test Procedures had been incorporated to 

Evaluation of the contractor maintenance operation indicated the following- 

• SÄ^s^Är s:n a—e -h 

Program had been Rented byTe contTacTo ^Lf'^u 
be momtored to a successful conLtnTyTmM^Vo. 

• Failure reporting was satisfactory and comolied w/ith th* 
procedures established by the contractor SetdheWpQMh

1
e02 

' Trs^i^zsT*^upon estab,ish— 
' when'some^FCS^ :e

n
quirements wer« demonstrated successfully 

cra?t^ThrtFhanSSthCe?oPwnentS and a Pa,,et ^ f,0wn in *!- 

# Jä^'^ÄÄ^H/^; demon^ted as very 

(hands-off) andQ^^irrlcord^^^^^^^^        re,iabi,i'v 
4.    OPERATIONS 

As previously mentioned, the ÜF/PQM-in9 TarnDt c   * 
contractor operation.   The contractor was tharefoS U^2 T COnCeived t0 be an ^1- 
dur.ng the DT&E.   To accomplish this  ?he contra c'rt^      demonstrate this philosophy 
asPfClS 0

A
f ^e operation except WhitT'Sands EP R.l    'T!!*? t0 handle al1 routine 

and the A.r Force UHF destrSct function in KoÄ A^""9 ^ doc^entation 
Plannmg was accomplished by the POM 102 SPO  AFSM?£l5?™ Base area-    Al1 initial 
Contract Management Division. ' AFSWC test director, and the Air Force 

a.   Procedures 
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(1)    Flight Procedures. * 

Description.   Two sets of flight procedures were developed by the contractor 
The first, m response to the requirements of Air Force Regulation 55-22 and Air Force 
Systems Command Supplement 1 thereto, defined how contractor flight operations would 
be conducted during the Holloman Air Force Base operation.   These procedures required 
approval by the Holloman Air Force Base government flight representative and were subject 
to semiannual review.   The second set of procedures defined specific operating procedures 
in checklist form for use during manned and unmanned operations. 

Developmant/Updata.   The Air Force Systems Command Supplement 1 to Air 
Force Regulation 55-22 specified what procedures were to be included in the Holloman Air 
Force Base Operating Procedures Manual.    The procedures were based on Air Force Regulation 
60 1; Air Force Manual 60-16; other Air Force publications; experience of the contractor's 
controllers; and local Holloman Air Force Base regulations.    After the approval of the prime 
contractor's chief pilot and the Holloman Air Force Base government flight representative 
the Holloman Air Force Base Operating Procedures Manual became the official document' 
governing flight operations during the test program.   Changes to these procedures were incor- 
porated with the approval of the prime contractor's field operations supervisor and the govern 
ment flight representative. 

The prime contractor's procedures were developed and updated in the same 
manner as the Emergency Procedures [paragraph 4.a.(3)]. 

QperatjpnaLUse.   A copy of the prime contractor's flight operations procedures 
for the Holloman Air Force Base Operating Procedures Manual was maintained in the contrac- 
tor's operations area and was used as part of the aircrew information file.    Each contractor 
pilot was responsible for knowing and complying with the provisions of the manual and each 
flight, manner or unmanned, was governed by the procedures contained in the manual. 

The prime contractor's checklists were available at each ground station and at 
the launch control vehicle.   Designated individuals read each step while other specifically 
Sc^lS»     Crew members Performed the task.   Some pre-launch checks were omitted on 
QF-102 missions, but the entire checklist was followed on PQM-102 flights. 

Evaluation.   The Holloman Air Force Base Operating Procedures Manual was 
reviewed by Air Force Contract Management personnel prior to approval by the government 
flight representative.   Subsequently, it was evaluated during two Air Force Systems Command 
Standard Evaluation visits by members of the Standard Evaluation Team.   The criteria used 
by the evaluators were Air Force Regulation 55-22 and Air Force Systems Command Supple- 
ment 1 thereto. 

The procedures were found to be excellent.   The Standard Evaluation Teams 
made specific reference to the excellence of the contractor's flight operations and his opera- 
ting procedures.   When minor changes were suggested they were immediately incorporated. 

To evaluate the POM-102 Target Manual, qualified Air Force personnel observed 
each step of the procedures on each unmanned flight and on many manned flights    As 
deficiencies were noted, the procedures were corrected by the contractor.   The criteria used 
by the Air Force evaluators were adequacy, completeness, utility, and contractor's ability 
to execute the procedures properly.   The PQM-102 Target Manual procedures were iudqed 
satisfactory and acceptable. 
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FW .nH thP POM ^9^      . M   aCt,0r! ^ht 0Perat,n9 Procedures for Holloman Air Force 
Base and the PQM^02 Target Manual checklist procedures pertained specifically to the opera 
ion as it developed at Holloman Air Force Base.   Therefore, for other operating locations 

the procedures would have to be revised to suit local operating conditions.    In the case of' 
the checklist procedures, such revisions would require thorough evaluation with QF-102 air 
craft before attempting any unmanned operations. 

(2) Ground Procedures.   PQM-102 pre-launch and recovery operations were per- 
formed in accordance with the prime contractor's flight manual (Reference 2)     These oroce- 
dures were exceptionally well organized and followed a technical order format    The ground 
operation consisted of aircraft towing, engine starts and checkouts, MGS and FGS functional 
checks of the aircraft   destruct system check, gyro torque test, destruct package upload and 
arming, aircraft launch, and aircraft recovery.    These functions, except for launch and recovery 
were performed on two PQM-102 aircraft while a second drone was prepared for flight in the 
event of a ground abort with the primary drone. 

Ground operations were very smooth during the PQM-102 missions flown    The 
only area requiring improvement was communications.   There were three communication 

KYStAr2oAr^qUire
1 -^ 

SMPJ
port the mission-    First' there was an ARC-27 UHF radio (provided 

by AFSWC and installed in the AFSWC furnished launch control vehicle) used to communi 
cate with the FGS and MGS.   Second, there was an intercom system (also installed in the 
launch control vehicle) which was used by personnel performing aircraft engine starts and 
pre-launch checks.   This intercom was provided by a modified aircraft AIC-10 system tied 
into the UHF radio allowing the launch control supervisor to communicate with both his 
crew and MGS/FGS personnel.   Last, there was a VHF maintenance set.   The primary prob- 
,em with communications was the noisy and poor quality signals associated with the inter- 
com system.   Also, there were failures in both the intercom system and UHF radio which 
caused a breakdown in communication. 

(3) Emergency Procedures. 

Description.   An emergency operation manual (Reference 3) was prepared by 
the prime contractor for use by ground controllers in responding to ground and airborne 
emergency conditions in the QF/PQM-102 aircraft and with command and control equipment. 
Each procedure with critical initial steps contained bold face items to be accomplished with- 
out reference to the checklist.   The checklist was then referred to for procedure completion, 
warnings/cautions, and additional information.   The following classes of emergency procedures 
are listed in the manual (the number in parenthesis indicates procedures per class): 

Ground Operations, QF/PQM-102 (2) 

Takeoff, QF/PQM-'I02 (10) 

Inflight, QF/PQM-102 (18) 

Landing, QF/PMQ-102 (7) 

Command and Control, FGS/MGS (13) 

References 
2. Flight Manual QF-102A and PQM-102A. Sperry Flight Systems, Phoenix   Arizona 
3. Emergency Operation. PQM-102A Target System, SFTP 5320-10743, April 1974 
Sperry Flight Systems, Phoenix, Arizona. 
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. , Procedures were developed based on F 102 Technical Orders  failure analvsis of 
the airborne and ground equipment, and experience of the OOntrartorTJontroZr«    ThSi 
procedures were prepared by a contractor project pilot and appS byXSactorTro 
gram manager and the government flight representative. contractor pro- 

Any contractor or government individual could recommend channp.: tn th0 

emergency procedures manual by submitting a change approvaUo SrconSor chief nilot 
Approvals were g.ven by the PO.M-102 field operations ^viior a^ Äw?nm«nV Ä' 
representative before the change was incorporated, government flight 

■' During missions, a minimum of one copy of the emeraenrv nmroHnr^c m^..^ 
was immediately available to each ground station use'd^uring eaTh mS' Twas sSn3a?i 
procedure for the back-up or secondary controller position to read X check ist   WHMP thp 
primary, m control, position performed the required steps checklist, while the 

• Airborne  Equipment 

.he abno™, o^ft ^/S ^ Xr7orcZZcächue
re

C.0n,r0'lerS «"^ identi'ied 

•Command  and  Control  Equipment 

simulated without the prior kno»ledJe of the ground controllers     V E™rgenc,eS were 

abnormalities lil^fn theT^nd »„ÄÄlTTn STÄtC0Verin9 *e Va™us 

quickly and correctly identified ÄÄlo'n"^'S thl corScTprö eTe ,h^on
n
,r0"erS 

exception was a simulated loss of radio communicationsbe^nTGS anders    rl?       . 

later (4 June .9741 and SS'STA'w« slccS^K^'t"0" *" SimUla,ed 5 ^S 

^nc-SHeHE----S=^^ 
• Fire Wing Light on Start, Aircraft FAD 603, Ground Abort, 7 March 1974 

•Fire Wing Light in Flight, Aircraft FAD 608, Air Abort, 11 April 1974 
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•Hydro Oil Hot, Aircraf: FAD 601, Ground Abort, 19 April 1974 

•Hydro Oil Hot, Aircraft FAD 602, Air Abort, 16 May 1974 

• Hydro Oil Hot, Aircraft FAD 602, Ground Abort, 23 May 1974 

• High Pressure Pneumatic System Low, Aircraft FAD 602, Air Abort, 7 June 1974 

•Primary AC Generator Failure, Aircraft FAD 602, Air Abort, 31 July 1974 

•Primary AC Generator Failure, Aircraft FAD 602, Air Abort, 1 August 1974 

Evaluation.   The criteria used by the evaluator were adequacy, completeness, 
utility, and confidence in the contractor's ability to recognize and cope with emergency 
conditions. 

Using these criteria, the emergency procedures, both written and demonstrated 
by the controllers, were satisfactory and acceptable.   The attitudes of the controllers and 
the chief pilot were completely positive, and all personnel involved continued to improve 
and perfect the emergency procedures throughout the entire testing period. 

b.   White Sands Missile Range/Holloman Air Force Base Interface 

The development and test of a new system, such as the QF/PQM-102, at the White 
Sands Missile Range/Holloman Air Force Base complex created many unique problems and 
required unique solutions to these problems.   The following is a discussion of the problems, 
how they were solved, and an evaluation of how their solution affected operations. 

(1)   White Sands Missile Range Interface.   White Sands Missile Range is a highly 
complex, multi-mission, inland range which serves the needs of all services, as well as NASA. 
For missions flown by the PQM-102, i. e., air-to-air and ground-to-air missile presentations, 
the greatest appeal of the White Sands Missile Range was the accuracy of its optical data 
and the sophistication of its data acquisition system.    Its shortcomings were its relatively 
small size (approximately 35 by 135 miles) and its complexity, both of which affected its 
ability to support flexible requirements of the PQM-102 Target System.   These factors, 
as they related to the PQM-102 operation, are discussed in the following paragraphs. 

Safety.   White Sands Missile Range safety was by far the most important and 
critical factor in the White Sands Missile Range/PQM-102 interface.   As discussed in subse- 
quent sections, its influence was felt in practically every aspect of the White Sands Missile 
Range operation; however, for purposes of this section, only the failsafe destruct system 
and the range area restrictions will be discussed. 

Because the PQM-102 was a DT&E drone, White Sands Missile Range ruled 
that a failsafe  destruct system would be the primary destruct mechanism for range flights 
[paragraph 2.d.(5)]. Since the PQM-102 was initially designed without a failsafe system, 
the contractor was required to design and qualify such a system.   White Sands Missile 
Range closely supervised this operation.   Attention was also focused on the parts of the 
destruct train and FCSS which were also a part of the failsafe system, e. g., the HEFU 
and the I PC. 

The failsafe system was used for all NULLO flights throughout the DT&E. 
White Sands Missile Range would assign a flight area over the range in which the PQM-102 
could fly.   The boundaries of this area were computed on the basis of timer setting, maxi- 
mum altitude and maximum true airspeed.   The boundaries were referenced to the nearest 
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critical boundary in the White Sands Missile Range area.    In general, the nearest critical 

as tÄiTV H Tf boZdarV-   How.eve.r' other boundaries were considered critical such 
as the White Sands National Monument picnic loop, protected and closed during all NULLO 

Hnt iV  ]Ln0U    ary t0 u e.n0rth^n range extens'on' squiring extensive time and cost to 
close if flown over; ana Highway 70 requiring blockage if flown over. 

es A^     ^o*3'65 of the resultant flight areas are shown in Figures 47  48   and 49 
rinn^Ll HH 48

t
c°.mPare th.e areas

c:.
for approximately the same altitude/airspeed combina- 

tions with different timer settings.    Figures 48 and 49 compare different altitudes with the 
same timer settings and maximum speeds. cmmuei wnn me 

In conclusion. White Sands Missile Range safety imposed significant but livable 
constramts on the PQM-102.   All contractual DT&E objectives were achieveTwhile op^ratinq 

ZTl^^TTS 'P9-' MaCh nUmberS of 1-3 and altitudes over 55,000 feet  Tn addi 
nn'in.n PH . c f      "'i' Ran9e ^T™ t0 and ParticiPation in the explosive train qualifica- 

tion insured a safe, well engineered destruct system in the PQM-102. H        ". 

in fWoti« g
D

OCU'Tientation:   To support this P^gram, White Sands Missile Range required 
0 Operation Requirement documents plus 2 Program Introduction documents.   Some of the 

reasons for this heavy requirement were as follows: 

• The newness and uniqueness of the QF/PQM-102 system caused 
some imcial confusion on the hardware involved. 

* The addition of the HVAR firings to the PAVE DEUCE docu- 
mentation. 

•The early program requirement to fly captive AIM missiles 
against record flights (deleted). 

•The program requirements to fly the PQM-102 against several 
different AIM series missiles during early NULLO flights 
(partially deleted). 

q^nH. MICC-I  ^ obs.e';vati°n
u

s. can be m^ <>" the subject of documentation.   First, White 
nnnp nT thi i  t'H96 IS exhlb,t ,ne,rt,a ,n suPPortin9 n™. fast-response requirements    Second 
none of the listed problems uniquely involved the PQM-102.   They were true of most drone 

oSnn^hLr116 SandS MiSSile. Rarl9e-   The PQM-102 documentation requiremen   fn an operational phase is no more complex than a BQM-34A documentation requirement. 

to   *        n     'f. should be noted that despite this rather awkward system, experience tended 
o streamline the operation.    For example, when the need arose for inclusion of the HVAR 

AintiJi!   '^fr,1^.1-1? f,i?htS' the firing took P|ace 19 work days after start of the 
rnnZt    Z   J5? 'nvolved revision of the Projram Introduction document, including 
coordination by higher Army Headquarters (TFCOM), and the writing and processing of a 
new Operation Requirement document.   The White Sands Missile Range advertized time 
period for such an operation is 60 work days. 

i 

,, n   ft'rMWft'    Because of the safety constraints mentioned in paragraph 4.b.(1) 
all NULLO fhghs were flown in the central range.   Altitudes extended from ground level 

n altitude.    This block of airsoace was auallahlp . 
twice a week 
to the mission altitude.   This block of airspace was available'on a'röütineTasrsTppmxTmately 
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QF-102 flight requirements were different in that there were no safety con- 
straints.    On the other hand, the QF-102 required daily access to the range.    A backward 
L shaped area proved to be the optimum tradeoff between range and program requirements 
The flight area boundaries were the M coordinate in the western range, south and east of 
the Stallion region in the northwestern range and 20,000 feet above the Oscura Bombing 
Range in the northeastern portion of the range, the north and eastern range boundaries 
and Highway 70 in the south. 

Airspace constraints presented no significant problems for this program. 

Scheduling.   Monthly and weekly schedules were obtained from the contractor 
and submitted to the range scheduling office.    No QF/PQM-102 peculiar problems were 
apparent. 

There was some difficulty in the contractor not adhering to his weekly schedule 
published on the preceding Friday.    During the last month of the program, the contractor 
cancelled or significantly reduced his range requirements six times out of a total of 21 
scheduled missions.   These numbers were typical of the entire program. 

Metric (Optical) Coverage.   Several missions were flown and tracked over the 
50-mile area to determine any acquisition problems peculiar to the PQM-102    These missions 
included captive flights at high g, HVAR rocket firings, and AIM-9J missile firings    Two 
problems peculiar to the PQM-102 became apparent.    First, White Sands Missile Range safety 
imposed constraints on the coverage to include only cameras on the periphery of the 50-mile 
area.   Typical coverage for BQM-34A presentations include cameras within the 50-mile area 
Second, because of the aft geometry of the PQM-102, there was no common reference near 
the afterburner plume from which miss distances could be measured.    It was decided to guess 
at the center of plume and compromise the accuracy of the measurements. 

Preliminary data on the AIM-9J firings showed miss distance accuracies on the 
order of 1.5 feet.   This contrasts to the BQM-34A miss distances which yield accuracies on 
the order of 0.5 foot.   Since the PQM-102 exhaust is approximately 4 feet in diameter 
compared to the 1 foot diameter on a BQM-34A CIR pod, the 1-foot difference in accuracy 
did not appear to be significant. 

Communications.   The PAVE DEUCE system required extensive communication 
support from White Sands Missile Range.   These requirements are discussed in paragraph 
4.d.(5). 

In the White Sands Missile Range areas of responsibility, several serious problems 
were chronically encountered at King I.    For example, on the NULLO flight of 4 October 
1974, the King I transmitter failed during the first AIM-9J presentation and during handover 
when entering the Holloman Air Force Base pattern.   At the end of the program   AFSWC 
requested White Sands Missile Range review this and similar incidents, and remedy the situa- 
tion.   Clearly, PQM-102 requirements severely strained the capability of thj King I complex. 

Command/Control and Telemetry.   The QF/PQM-102 system did not require 
any standard command/control or telemetry support other than UHF destruct commands 
LOC monitor, and DIGIDOPS transmission.   All requirements except DIGIDOPS were handled 
m a satisfactory manner.   King I did not have oscillographs of suitable response for DIGIDOPS 
telemetry.   This support was obtained from the 6585th Drone Test and Material Division 
Holloman Air Force Base. 
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Radar Support.   As discussed in paragraph 2.b. of this section   thp DF/PDM mo 

riTHtreqU;ri57V^T1B ra^arS-    ln addition' White Sands MiSle Range   afety reoukei 
an add.ttonal radar to sk.n track the drone during NULLO flights.    Finallf a fourth ?adar 
was required to track the launching aircraft for live firings.   Other than those Droblems al 
ready discussed, no problems were encountered in providing this support Prob,ems a|- 

.    .. . .^uOch/R^m^Op^ations^  Information concerning launch/recoverv operations 
is dtscussed In the paragraph entitlecTTFiTfic Operations, below, and in Appendix C 

o,     TK!        Traffic Operations.   The OF/POM-102 was launched and recovered on Runwav 
*L     ,,Shr HT^ WaS.n0t n0rmally used by the 49th Tactical Fighter W°ng     Launch was 
accomplished by transferr.ng to a backup tower frequency, diverting Lai pattern traffi^ 
and launching the drone.   The sequence of subsequent events for launch and recoveTva^e 
discussed in Appendix E.   To recover, all stations transferred to a backup f?eqSency prior 
to d one entry mto the pattern and local traffic was diverted from the areruntil the drone 
was landed.   Air traffic diversions were carried out in stages, depending oTthelocatk)no? 
InH frn™% Loca,

t ^'^ ^ ** up from 5 minutes'pHor "o launch untM handover 

on Runwav TT'^Z t0 ^T? ^ the dr0ne landed-   The chase aircr ft took off on Runway 21, 2 minutes prior to launch, entered a closed pattern  called for launch  an 

fhTr'? y 3
rl
0
H

seconds
ll

out' and arrived abeam of the drone at K  AfTt^^JL the chase landed normally in accordance with tower instructions. recovery. 

The operation described worked to the satisfaction of all concerned    MistakP«: 

TmSr^Ki'zt49,h Tac,ical Fi9httr Win3 "^ S^nS'JÄ 
Mgintenance Support.    The contractor received certain maintenance suooort 

rmsr^TopJÄor9aniza,ions uscd a ,o,ai'",56(K, ^ si. «tru. 
* D  •.J-     nlT, early September 1974, the government vacated its offices on the west S.HP 

^^Z^ZZT* SqUare ^ 0f ^ ^ the -nSt^s^a^c^ro, 

AGE shop Ä!te^ HI^CTTTÄÄ " 
StroanSa|alpSLVeerVe7mtPhee

dp Alth0U9h T* V** -^'-mems were Ä^t^ 
^aSl^using^he-fa'cilHy6 en9ineerm9 0ff,Ce' the COntraCt0r WaS not able t0 •^^ 
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c   Safety 

The safety effort was evaluated from four aspects:    (1) contractor comoliance with 
system safety requirements, (2) flight safety, (3) ground safety, and (4) Ige^afetj 

(1)   System Safety.   The contractor's plan for compliance with SOW requirements 
for system safety was approved by the PQM-102 SPO on 24 August 1973       requ,rements 

A preliminary hazard analysis was performed and hazards were identifipd in 
appropriate categor.es.   The analysis also indicated how the hazards werTto be e iminated 
or reduced    Although the plan was not based on formal safety analyses i   was juZd to 

l«ffi^MXÄiÄm*ntat,0fl of the measures t0 reduce or Äti 

Panson Z ÄWo^oX^ 
cons.derat.ons were stressed in all normal operations and resulted in a strong safetvawa^e 
ness on the part of all contractor personnel.   The only deficiency in the pmgram rested 
from the fa.lure to perform the system safety tasks during the earlier phases onheoro 
gram.   As a result, when system malfunctions occurred, the analyses and corrective measures 
were of the hobby-shop, cut-and-try technique.   Generally   the first corrections JTrP in 
adequate and the condition reoccurred during subsequent operations. 

-♦!.*„ ♦(3)    S^Undu ^^y-   Ground safety was continuously evaluated and was rated verv 
sat.sfactory.   When hazardous conditions were discovered they were quicklv corrected and 
the contractor was quick to respond to guidance from local Air To^tfn^X*. 

(4)    Range Safety.   The QF/PQM-102 satisfied all White Sands Missile Ranae safetv 
constraints.   The procedures and restraints imposed by range safety consideationscomD. 
cated the task of operating and maintaining the PQM 102; however thS e we e no teS 
requ.rements which were not met because of range safety. 

d.   Miscellaneous 

™H    ♦ (*1)   Electroma9netic Interference/Compatibility (EMI/EMC).   The ability of the FCSS 
and mterface systems to operate without degradation from EMI emanating from other various 

H^ ilÄÄRpr£UrÖt; eXteTal t0 the PQM-102 was ^luated9 alon^ wl eX tions to insure that the FCSS and mterface systems did not generate EMI. 

1Q74    c.c*  To a^o^P'ish the evaluation a series of tests were accomplished on 5 June 
1974.   Systems tested mcluded the FCSS, MGS, FGS, DIGIDOPS, UHF command destruct 
rece.ver, radar altimeter, AN/APX-25 IFF, AN/ARC-34 radio LOC tone   F 4 Sft fi e 
control radar, and the basic F-102 aircraft. a.rcrart nre 

AM*-      .     Du.[,ny the testing, each system was exercised and responses were monitored 
Add.t.onal momtormg equipment, including a strip chart recorder, test boxes  ar^vdtmeters 
were used m order to thoroughly monitor all  responses.   Special   nterestTas gilenTo The 
destruct system, mcluding the UHF destruct system.   Effects of the DIGIDOPS and ARC 34 
UHF transmitters to the UHF destruct receiver signal strength voltage were monitored 

Three EMI related problems were experienced.   A pitch transient (elevon mnx/P 
ment) was observed just as the speed brakes became fully closed    Pitch ^ 
observed when either the right or left boost pumps were energized.   The "^0-34^ 
mitter caused fluctuation of the g downlink telemetry as observed on the FGS and MGS    No 
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Zllll^tZ^ZflT^'ZJ:  non,i0n' —',-"- P^blems »ere ex- 
While the three problems wJereSlut.^^Z'^f "^concluded to be EMI-related. 

OF flights, in^r.^Ä^ÄÄÄ^^Ä,*; ^ of manned 
the fact that aircraft response aKti tt thTÄS?,! f wmpatlbilltv, primarily due to 
mittent nature of the problems "3d „„„aHous?,^.,    1,n0.t been observed-   The 'mK'- of major concern, mciuamg »anous telemetry fluctuations, mas not an area 

mental e'fLts'onThTemire POM-IM T^'Ä The "? ',!? drmina,ion t" «""""■ 
to environmental effects was a drift in freauenl ^.T,.       ,     lv '"•"««•I P™blem relating 

and comp(ete snv^Ä^ÄÄÄ ^ ^«bTJXrSÄ 

because WÄÄÄ ^«^ cursory, at best, 
development and test phase    In the t^P npS ^   h1

n,Cal data throughout the 
flight, the contractor pre^J^Ä the first PQM-102 
last month of the development and to« X« (S^ l^??^' USe-l  

Durin9 the 

F-102A Flight Manual was tobmi^    TtefollÄ^ilil.8 drafu suPP|ement to the 
tute the evaluation of operational technical data        9 COmments on these two areas consti- 

for the PQM-li^^^ submitted an operational manual 
quently used on PQM-102 fliahtsThprönt.      Wax aPProved by AFSWC and subse- 
during'the pre-NULLO prac ct    clnLZST^f^^ the 0Perational procedures 
very effective document    PoceduresSeS Validated and became a 

and deletions for the r^nutTto Ä cLna« Ä S^i su^,ttin.g additions' chang^ 
for example), and additional inouts from St! 12K?,0,1 (uSue of ground sPare dro™. 
and test phase, this Äi^ÄnuS^X^tÄ   At

t
t

t
he erl? of the development 

for normal operation of the PQÄ Target lystem     aCCUrately reflected the procedures 

for the F-^Ä^TTO^^ the flight manual 
IV.   The manual was submin^d nea? the Pnri nf th   HA'! Change 1' Sections ' through 

cnecKiist and flight manual procedures were mandatory. 
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•The Emergency Procedures in Section III were complete; however, 
the procedures were not clear and concise because of combining 
three aircraft (F-102, QF-102, and PQM-102).    In addition, Section 
V (Operational Limitations) and Section VIII (Crew Duties, i. e., 
ground controllers for PQM-102 operations) of the manual required 
supplementing. 

In summary, any true evaluation of the PQM-102 operational technical data 
awaited contractor submission and correction, and PQM-102 SPO approval.   Suffice to say, 
no other personnel, other than those employed by the contractor, could operate the system 
because of the inadequate and unprovided technical data. 

(4) Human Engineering. 

Method of Test:    QF/PQM-102 airborne equipment and AGE were examined 
for compliance with the requirements of MIL-STD-1472.   Consoles and display panels were 
checked for dimensions and layout.   Switches, levers, lights, gauges, and other displays were 
evaluated for function, orientation, protection, labeling, and color.    Environmental protec- 
tion for maintenance personnel and remote control operators was observed on a daily basis; 
precise measurements of the environment were not made, but obvious deficiences were noted 
and are addressed in the following paragraphs. 

Results:    MIL-STD-1472 requirements were met throughout the system with 
a few minor exceptions.   Seven of the indicator lights on the standard data panels. Panel 
No. 4015242, were activated by switch position rather than system response.   On the same 
panels, the use of a red light to indicate direct throttle operation violated the color coding 
of MIL-STD-1472. 

The orientation of the X-Y plotting boards used by the remote operators at 
both the FGS and MGS was marginal.   At the FGS the plotting board was too far from 
the controller and precise control of the ground track was difficult because the controller 
could not see the display clearly.   At the MGS, the location of the plot board (down and 
to the controller's left) required the controller to look away from the instruments and the 
direction of approach in order to see the plotting board.   While the orientation of the 
plottings boards was not a significant problem during the test program, new FGS installa- 
tions should definitely include a better plotting board location.   The mobile plotting board 
orientation would be more difficult to correct and could be a more significant deficiency 
at operating locations where weather conditions require extensive use of the plotter during 
launch and recovery. 

The environmental protection provided for the remote operators on the MGS 
was unsatisfactory.   The awning provided some protection from rain and sun but was 
lowered during pattern operation.   Furthermore, no thermal protection was provided. 
During cold weather operation, the environment was severe enough to require arctic cloth- 
ing and to degrade the operator's performance. 

(5) Voice Communications.   Several voice communication systems were established 
and maintained.   A UHF system, normally operating on either a Holloman Air Force Base 
tower frequency or a White Sands Missile Range assigned project frequency of 379.7 MHz 
provided two-way communications among the operators at the FGS, MGS, maintenance- 
launch vehicle, chase aircraft, and QF-102 aircraft.   Receive-only monitors were provided 
personnel located in the King I telemetry room, the FPS-16 radar site, the DIGIDOPS 
telemetry room (Building 902), and the prime contractor's conference room (Building 901). 
The uplink LOC tone from the QF-102 aircraft was transmitted on the frequency selected 
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(tower or project), and on PQM-102 aircraft only on the project frequency.   A fixed fre- 
quency VHP system was also used for FGS/MGS two-way communications.   A battery- 
operated back-up unit was provided for use at the FGS in the event of power failure    An 
additional VHP system, consisting of three battery-operated portable units  was provided tor 
maintenance flightlme/runway operations.   An intercom system was provided for communi- 
cations among the PGS and radar operators and a similar system was used on the MGS. 
An additional system was used among the launch control vehicle, maintenance personnel 
and the QP-102 pilot. 

Evaluation of the communication systems could only be done on a qualitative 
basis.   Overall, communications were considered adequate but not highly reliable    Numerous 
problems were experienced with the UHP and launch control vehicle intercom systems    De- 
spite personnel operating errors, component failures, and careless wiring, no serious mission 
impacts resulted.   The launch control vehicle intercom system definitely requires replacement 
and consideration should be given to procurement of a more reliable UHP system for this 
vehicle and the MGS.   Of the flights evaluated, at least 12 UHP communication problems 
were experienced with the PGS, MGS, QF-102, and launch control vehicle. 

(6)    Reliability.   The SOW mission reliability requirement for the QP/PQM-202 
Target System was 90 percent.   That value required 19 of 21 flights (14 QP-102 and 5 
PQM-102) be verified by the PQM-102 SPO/APSWC as successful.   Twenty-two record 
flights (16 QP-102 and 6 PQM-102) were flown to evaluate the 90 percent reliability re- 
quirements.   One flight was outside the F-102 performance envelope and was not counted 
toward mission reliability.   The record flights not meeting SOW criteria were QP-102 Record 
Plight No   3, 6, 7, 8, 12, and 14, and PQM-102 Record Plight No. 1.   An accounting of 
these flights is as follows: 

QF-102 Record Plight No. 3:   This flight was considered successful 
due to the involvement of one and possibly two failures on govern- 
ment furnished equipment.   The PQM-102 had the option to re-fly 
since the   mission failure was due to the government furnished 
equipment in question. 

QP-102 Record Flight No. 6. 7. 8. and 12:    Failure of these flights 
was attributed to one failure mode.   Under the reliability ground 
rules and assumptions,   the contractor corrected this design defi- 
ciency by installing a maneuver programmer roll error integrator. 
The modification eliminated the steady-state roll offsets previously 
encountered during presentations.   By applying accepted reliability 
practices, only one failure and three successes were credited to the 
contractor's record for these four flights. 

QF-102 Record Flight No. 14:   This flight was established as un- 
successful due to failure of contractor furnished equipment and 
was credited to the contractor's failure record. 

PQM-102 Record Flight No. 1:   This NULLO was unsuccessful. 
The aircraft auto trim followup micro switch (government furn- 
ished equipment) malfunctioned causing an air abort.   This record 
flight was reflown with outstanding success. 

o t -, Jn summary, of the 12 record reliability flights flown for mission reliability 
2 failures and 19 successes were credited to the contractor's record.   Using the following 
formula for mission reliability the QF/PQM-102 Target System reliability was 90.47 percent: 

Number of Successful Record Flights 

Total Record Flights 
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SECTION V 

FINDINGS AND RECOMMENDATIONS 

1.   GENERAL 

r^^Ä Fcr need '- « -per- 
the de-manrated concept were verified durina ^0^   n0f SyStem Romance as well as 
ommended.   Within the scope of   ^3^ addresserit 'thi? Hma,0r SVStem chan9es were ™- 
all-contractor operation proved to be acceptable document, the concept of an 

^flXurrZSm^. AFSWC findingS and Where ^'-^ recommendations for 

2.    FCSS 

^^nl7S^^Zf%tV^Lra Ä
C^k C—" ~* with 

time and »ould not be difficult to implement    Wilh ,hf    1f',Me amount of computer 

excejlen^^^rpor,,^ ^ff«S'^Ä^K'^ ,0f ,he FCSS - 

fie hardware fix is not recommended    S™ ml Ji COmm0n
J 

t0 most autopilots, a speci- 
of ban. above 35,000 feet S» ÄS ^TÄÄ^Ä Sgfr 

fl.ght.   The proposed"roll i«^wSSL wSl .^? V0.lta9e prior t0 each NULI-0 
though the change will cause a larger bank omshoot dnHnn     performance «*" further, al- ar yCr udnK overshoot during maneuver presentations. 

when the artÄÄ^ S 'n^n^T/^J00^ Was a «^ Possibility 
Since lockout may resu i   ^np ed^tablP ^nH cn,f,ed by d,sconnecting the airspeed input 
this modification le made a ÄÄtÄ^H NULLOTH^ b™™™™** that 
also be made to determine the cause of exceILp n  ^      0ufl^htS-    Further efforts should 
•he. .mains a small tfeoretical Po^i^lirSI^S m^^u^ Ä^ÄfST 

«j^ÄT'^ÄÄ^Ä^.S";üf carrier should ta *»- •«« 
sudden pitch down if LOC occurs due.^h! al.rspee5s dunn9 P'esentations may cause a ' 
transonic flight, LOC may Se severe ni,?h     Iff'' 0n,pi,ch mode '»|n« »t   During 
reference airspeeds shouw" ÄSTÄ Ä'Ä m altitUde J0'11 iS ""^d-   ^ 
pressor stall, although the rate of throÄtÄ SÄJS ^"sS^is Zblem: 

• 
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3.    MAINTENANCE 

aircraft are not acceptable. »wiremng tuu around and/or trying on different 

«on during ECU starts. lna,catclr » a""«» more accurate evaluation of the engine condi- 

targ^t g'oüplrula"^ t0 * deVelOPed "" ^'i°n/nnain,enancs of the radar simuiator and 

wi^^hrSLra"^islr^^aho^' ,f oTS'l^ JToJ Kf'! ^^ was not operative.   No spare Onan aenpratnr.: VA^IL «^luLi       ^    MGS 0nan 98nerator8 
curred when one »as r^o^oTPlToT'^nZsZT^r"^"' '"*"' ^ 00- 

tioneofSÄhttnba^rinenope0raZ0"This^DJu°Hl ^ "* ,0 M™ detomi- of n.iss distances. operation.   Th.s would allow more accurate real time evaluation 

mod'ern^frFl^tirinl^MGTraM rrf'10:5 are "'^ »***■   »* of 
rairco^ik-^^^ 

tool^n?upPTo!0t2heTmtn^3dcÄUetPrr^ ,eS,in9 "^ ,0 ^ !**»» 

Seoide^vS^Äfn^rÄ^^^^^^^ 
4.    OPERATIONS 

MisSie R^Sntt S^Sw^ ^T '^ Sh0Uld 0ffiCial,y ^ White ^nds 

^^AJ?JSÄÄ^m,ÄSÄÄ ^t tfiSSi,e Ran9e do^^entation 
Introduction/Statement ^Änoe wd a irS öfo^^eS alMnclusiv/ P^gram 
type missile prepared ahead of ariy specific requiremen?P Requirements for each AIM 

-aunch SerJt^^a5 ÄÄitÄtÄ^ ^^'Z^^T^ ^ 

Zoran t^tZ X OTÄSB^^ 
level necessary. '        Air ForCe Should request rel,ef from the constraint at the highest 

125 

•' -      ,  ," 



(3)   The King I complex, while very convenient to Holloman Air Force Basp onpratinn 

To  mnmJiV3^ by Äi^102 operation-   White ^ Ä Ra^oulTbe^Ä 
to improve King I capabilities m such areas as communications  vertical plot caDabilits/  nnS! 
requirements, and floor space (already completed in an unused'adcE ?o the King YbS^). 

tr J?'    ^acilities in Building 901 were very cramped during the DT&E operation    The ron 
tractor demonstrated an excellent ability to estimate facilibes requirements ?o support his 

tTr^r^ate^/^tTe^nts^^6"3^ ^^ ^ ^ -STÄlc 

nrinr toC^ntraCtH0r °perationa, technical data was incomplete.   This data should be completed 
prior to any redeployment, rehinng of new personnel, or redirection of mission      COmpleted 

In the inÄÄJl? the ^ oi^man engineering do not conform to MIL-STD-1472A 
In the interest of safety, proper modification to the equipment should be considered. 

5.   SUMMARY - PQM-102 CONCEPT 

FnrJvlSSVfu WaS th*e c"lmination of a three year development effort to provide the Air 

The reduced program costs for the PQM-102 were as follows: 

•  Use of the director aircraft previously used for control of the dro 
to and from the range was eliminated. 

rone 

•   Procurement of expensive range control radars was eliminated by 
utilizing existing FPS-16 radars. y 

a.    Elimination of Director Aircraft 

Previously converted drone programs, such as the QF-104   utilized two DT 3^ riirprtnr 

contToMeTitT'thP    ThiS Tant Ih%director si™* controlled \he drone during IkeXnd controlled it to the range where the fixed site assumed control.    Following the ranoe mi«fr?n 
the director a.rcraft resumed control until the MGS assumed control orSaaoorSh    7^' 
second director aircraft acted as a backup to the director a^craft Tn com of   AdStionallv 

he FTcS and^T^tTp^^ takf0ff an.d WaS neceSsarV due t0 imcomttibilit Se w^n 
t^lle'rs ^re'requ^ed t   T^on Ä AFWJ^rÄ^ PlUS ^ "^ COn- 

be°ow:P        ^   The C0St SaV,n9 WaS S|9n,f,cant due to reduced fixed cost reductions as noted 

Fixed Cost Savings 

•No requirements for two T-33 aircraft 

• No modification required for conversion of T-33 to DT-33 
•No airborne control equipment costs 
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b.    El 

M^ithj^CoslSavings. 

'No proficiency requirements for at least four pilots/controllers 

No ma.ntenance or petroleum, oil, and lubricant costs on T 33 aircraft 
Mission support and/or proficiency support s on  • ^ a.rcraft 

i No maintenance cost on airborne control equipment 

Reduced operational cost as a result of no checkout on director aircraft 

imination of Separate Range Control Radar 

and tÄÄrr^^^ the existing PPS,6 radars 
systems were used. Deen ,ncurred if separate C-Band range radar 

c.    De-Manrated Concept 

which ASA the converted drone target 
targets.    For example, the electron c   Met assemb J whirh?^ ^^''^ 0f previous ^ 
electronics necessary for remote control (^f the aTrc aft    Thich"?'"60 the majority of the 
that the ejection seat did not have to te maintained InHthl    *? rtential Cost savin9S in 
junction box and elevon electronic boxes S i« m-i i?8 'nsta"ati0n of the electrical 
pallet assembly down the seat rails. de bv merely sliding the electronics 

ment prigram:' f0ll0Win9 three areaS resu,ted in ^ savings for the Research and Develop- 

POM^ FiCSS hardware and aircraft modification cost in the 

•     Reduced maintenance costs as a rewilt M n« i». 
to maintain and suooort  such a, th. „ "*! ^Pf0» systems 
system, RAT, pneumatc force Stf^S'Tl ?,äI:11'C,ion 

and air conditioning systerm V      '   LS' panel '"swuments, 

'    ruSerroSd^ran3 tÄSd'Ä T^^     , 

the level of confidence to insure a sucr^fni *.?,! t
prerT1lsslon testing was necessary to provide 

PMTS that is electrically O^ZM^^I^^A™* ^M™ ^ ^ans'o? a 
for the flightline technician to stimuL "65^ ex^Lp !??"'"•   JhLS pr0vided a mea^ 
system.    For the present PQM-102 program   this is a   |Pnn?hu

aCetS 0f ^ drone control 

empl^oymg a totally unmanned concept should con. rit irM    V Pr°CeSS-    Future Programs 
to the PMTS.   One other «Wd^^ Äd ^ÄnfZ?!^^!!^ teSt caPabi,ity 
ment, smce the PQM.102 target would Ce to be ^e unrated     Were a referryabi,itV ^equire- 
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(3) In the future, the de-manrated concept can potentially offer even greater cost 
savings when the following occurs: yrsawr cost 

• Reduction of QF-102 missions, thus reducing number of pilots 
and thus reducing number of proficiency flights. 

Elimination of requirements to have current F-102 pilots as 
controllers at the FGS and MGS, thus reducing the number 
of proficiency flights. 

• Reduction in premission test procedure requirements to greatly 
reduce check-out time. 

(4) Manrated Versus De-Manrated Concept.   The manrated vt-sus dd-manrated concept 
can be evaluated by comparing estimated initial procurement costs and monthly operation costs. 

The QF-102 target is estimated to cost about 10 percent more than a PQM-102 
target due to additional hardware and higher airframe modification costs. 

If the QF-102 has the full capability of the ground controller, then monthly oper- 
ating cost differences can be estimated by considering the reduction in maintenance due to 
not having to maintain manned systems, and the increase in maintenance due to the adc^tional 
check-out time required.    Based on 24 flights per month, with a breakdown of 8 NULLO  8 
QF-122, and 8 F-102 flights, it is estimated that there was a cost savings of at least $10 000 
per month.   Obviously, much greater savings can be made if QF-102 flights and F or TF' pro- 
ficiency flights can be reduced. 

D™ J-I a direct comParison of the manpower using the PQM-102 concept on the existing 
PUM-1Ü2 program was made with the manpower used on the previous QF-104 program   it 
would be found that a greater number of NULLO flights could be conducted with one-third 
less manpower. 

4 i M. Jt1^^"10^ ecHPPt has Proven ^ be successful.   At this point in time, 23 success- 
ino    n   0 fl,rt8 xave been made utilizing four PQM-102 aircraft, and one de-manrated QF- 
UA   During these flights, the performance and reliability were fully demonstrated.   The PQM- 

102 was chased by modern jet fighters and air-to-air missiles, and was labeled by many Air 
Force fighter pilots as an invaluable asset for the realistic evaluation of modern weapons 
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LIST  OF   ABBREVIATIONS  AND  ANCRONYMS 

ADC 

AGC 

AGE 

AGL 

DIGIDOPS 

EBW 

ECU 

EGT 

EMC 

EMI 

FCSS 

FGS 

FRC 

HEP 

HEFU 

HVAR 

IFC 

II.S 

IRIG 

KCAS 

KIAS 

KTAS 

LAMP 

LOC 

LOS 

air data computer 

automatic gain control 

aerospace ground  equipment 

above ground  level 

digital-doppler scoring system 

exploding  bridgewire 

engine control  unit 

exhaust gauge  temperature 

electromagnetic compatibility 

electromagnetic  interference 

flight control  stabilization  system 

fixed  ground  station 

flight  reference computer 

hydraulic elevon  package 

high  energy  firing  unit 

high  velocity  air-launched  rocket 

interface coupler 

instrument  landing  system 

inter-range  instrumentation  group 

knots calibrated  airspeed 

knots  indicated  airspeed 

knots true airspeed 

low  altitude maneuver programmer 

loss-of-carrier 

line-of-sight 

i-n-^^^ji"1^ »—/««JS^ « " H- ■ ;  "mur^ 
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LIST  OF  ABBREVIATIONS  AND  ANCRONYMS  (CONCLUDED) 

LRU 

MGS 

MODEM 

MSL 

nmi 

NULLO 

PMTS 

PRF 

RAT 

STB 

WOG 

line  replaceable  unit 

mobile ground  station 

modular/de-modular 

mean  sea  level 

nautical  mile 

unmanned  flight  (PQM-102) 

premission test stand 

pulse repetition frequency 

ram  air turbine 

system  test bench 

weight-on-gear 
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APPENDIX  A 

MISSION   LOG 

The  development  flights  flown  during the  Holloman  Air  Force  Base phase are  listed 
in  this appendix      All  fl.ghts are  listed  in Table A-1   except those flown to  fulfill  oi ot 

ZZ^T 0f A,r  FOrCf  RegUlati0n  60-1-     Detailed ana|yses are Presented  on        ?ecord 
No    16 y  0    maneUver PfOfl^mtr performance  follows QF-102   Record  Flight 

The various types of  flights are as follows: 

SrÄ1; i J!li9hts  for checkout of  new pilots/controllers on  the 
QF/PQM-102  system. 

Development, Test  and  Engineering  (DT&E):     Flights  for demon- 
stratmg tne  various capaoilities  required  under the SOW   (Appendix  D). 

Engineering  Evaluation:     Engineering  flights by  the contractor to 
develop and  troubleshoot the system prior to DT&E  demonstration. 

Antenna  Evaluation:     Flights used  for reconfiguring the forward 
telemetry system. 

DIGIDOPS:     Flights for checkout  of the  DIGIDOPS. 

Smoke System  Development:     Flights for checkout of the smoke 
system. 

Emergency Training:     Flights flown  to demonstrate and practice 
emergency procedures. 

ij  iMü     Special  flights dedicated to an ADTC  study of the 
IR  characteristics of the QF/PQM-102. 

Record  Flights:     Flights flown to officially demonstrate system 
performance, safety,  and  reliability. 

Reliability  Flights:     Flights flown to demonstrate an  acceptable 
level  of system confidence prior to the first NULLO  flight. 

White Sands Missile  Ranoe Qualification  Flights:     Flights flown 
tor White Sands Missile  Hange to demonstrate the  reliability  of 
the destruct system. 

■ ■ •  • - 
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TABLE A-l.    FLIGHT LOG 

Flight No. Date 
Aircraft/Drone 
FAD No. 

1 10 Jan 1974 602 
2 11 Jan 1974 602 
3 14 Jan 1974 602 
4 21 Jan 1974 601 
5 22 Jan 1974 601 
6 24 Jan 1974 601 
7 25 Jan 1974 601 
8 29 Jan 1974 601 
9 31 Jan 1974 601 

10 20 Feb 1974 601 
11 21 Feb 1974 601 
12 21 Feb 1974 601 
13 22 Feb 1974 601 
14 25 Feb 1974 601 
15 25 Feb 1974 601 
16 26 Feb 1974 601 
17 27 Feb 1974 602 
18 2 Mar 1974 603 
19 4 Mar 1974 603 
20 4 Mar 1974 603 
21 6 Mar 1974 601 
22 6 Mar 1974 603 
23 7 Mar 1974 602 
24 8 Mar 1974 601 
25 8 Mar 1974 603 
26 11 Mar 1974 601 
27 12 Mar 1974 601 
28 13 Mar 1974 602 
29 14 Mar 1974 603 
30 14 Mar 1974 603 
31 15 Mar 1974 602 
32 18 Mar 1974 603 
33 18 Mar 1974 602 
34 18 Mar 1974 603 

Type of 
Flight 

Training 

Training 

Training 

Training 

Training 

Training 

DT&E 

DT&E 

DT&E 

DT&E 

Training 

Training 

DT&E 

DT&E 

Training 

DT&E 

DT&E 

Engineering Evaluation 
Engineering Evaluation 
Engineering Evaluation 
DT&E 

Engineering Evaluation 
DT&E 

DT&E 

Engineering Evaluation 
DT&E 

DT&E 

Engineering Evaluation 
Engineering Evaluation 

Engineering Evaluation 

Antenna Evaluation 

Engineering Evaluation 
Antenna Evaluation 

Engineering Evaluation 
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TABLE A-1.    FLIGHT LOG (CONTINUED) 

Flight No. Date 
Aircraft/Drone 
FAD No 

Type of 
Flight 

35 18 Mar 1974 602 Antenna Evaluation 

36 19 Mar 1974 602 Antenna Evaluation 

37 21 Mar 1974 603 Engineering Evaluation 

38 21 Mar 1974 603 Engineering Evaluation 

39 22 Mar 1974 603 Engineering Evaluation 

40 22 Mar 1974 601/606 DT&E/DIGIDOPS 

41 25 Mar 1974 601 DT&E 

42 26 Mar 1974 602 DT&E 

43 27 Mar 1974 603 DT&E 

44 29 Mar 1974 602 Antenna Evaluation 

45 5 Apr 1974 606 DIGIDOPS 

46 5 Apr 1974 602 Antenna Evaluation 

47 5 Apr 1974 606 DIGIDOPS 

48 9 Apr 1974 606 DIGIDOPS 

49 9 Apr 1974 602 Antenna Evaluation 

50 10 Apr 1974 603 Engineering Evaluation 

51 10 Apr 1974 606 DIGIDOPS 

52 11 Apr 1974 603 Engineering Evaluation 

53 11 Apr 1974 608 Smoke Development 

54 16 Apr 1974 606 DIGIDOPS 

55 16 Apr 1974 608 Smoke Development 

56 17 Apr 1974 601 Engineering Evaluation 

57 18 Apr 1974 601 DT&E 

58 22 Apr 1974 601 DT&E 

59 23 Apr 1974 606 DIGIDOPS 

60 23 Apr 1974 603 Engineering Evaluation 

61 25 Apr 1974 606 DIGIDOPS 

62 26 Apr 1974 606 IR Test 

63 26 Apr 1974 608 IR Test 

64 30 Apr 1974 608 IR Test 

65 2 May 1974 608 IR Test 

66 4 May 1974 602 Engineering Evaluation 

67 6 May 1974 602 DT&E 

68 10 May 1974 606 DIGIDOPS 



TABLE A-1.    FLIGHT LOG (CONTINUED) 

Flight No. Date 

69 14 May 1974 
70 15 May 1974 
71 16 May 1974 
72 16 May 1974 
73 17 May 1974 
74 30 May 1974 
75 30 May 1974 
76 31 May 1974 
77 4 Jun 1974 
78 4 Jun 1974 
79 6 Jun 1974 
80 7 Jun 1974 
81 10 Jun 1974 
82 11 Jun 1974 
83 12 Jun 1974 
84 13 Jun 1974 
85 18 Jun 1974 
86 21 Jun 1974 
87 21 Jun 1974 
88 24 Jun 1974 
89 24 Jun 1974 
90 25 Jun 1974 
91 26 Jun 1974 
92 28 Jun 1974 
93 29 Jun 1974 
94 29 Jun 1974 
95 1 Jul 1974 
96 1 Jul 1974 
97 2 Jul 1974 
98 2 Jul 1974 

99 

100 

3 Jul 1974 

8 Jul 1974 

Aircraft/Drone 
FAD No. 

602 

601 

601 

602 

602 

602 

602 

602 

602 

602 

602 

602 

602 

602 

602 

602 

601 

601 

606 

601 

601 

601 

601 

602 

603 

601 

601 

603 

601 

601 

601 

601 

Type of 
Flight 

DT&E 

DT&E 

DT&E 

DT&E 

DT&E 

DT&E 

DT&E 

DT&E 

Emergency Training 
DT&E 

Emergency Training 
DT&E 

DT&E 

DT&E 

DT&E 

Training 

DT&E 

DT&E 

DIGIDOPS 
Training 

Training 

DT&E 

DT&E 

DT&E 

Engineering Evaluation 

Engineering Evaluation 

Emergency Training 

Engineering Evaluation 

DT&E/Reliability 

DT&E/Reliability/White Sands 
Missile Range Qualification 

DT&E/Reliability/White Sands 
Missile Range Qualification 

DT&E/Reliability/White Sands 
Missile Range Qualification 

...;     ' « 
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TABLE A-l.    FLIGHT LOG (CONTINUED) 

Flight No. Date 
Aircraft/Drone 

FAD No. 
Type of 

Flight 

101 9 Jul 1974 601 DT&E/Reliability/White Sands 
Missile Range 

102 10 Jul 1974 601 DT&E/Reliability/White Sands 
Missile Range 

103 10 Jul 1974 601 DT&E 
104 11 Jul 1974 602 DT&E/Reliability/White Sands 

Missile Range 
105 12 Jul 1974 602 Engineering Evaluation 
106 15 Jul 1974 602 Engineering Evaluation 
107 16 Jul 1974 602 Engineering Evaluation 
108 17 Jul 1974 602 Engineering Evaluation 
109 17 Jul 1974 603 Engineering Evaluation 
110 18 Jul 1974 601 Engineering Evaluation 
111 22 Jul 1974 601 Engineering Evaluation 
112 23 Jul 1974 603 Engineering Evaluation 
113 26 Jul 1974 601 Engineering Evaluation 
114 26 Jul 1974 602 Engineering Evaluation 
115 29 Jul 1974 602 QF-102 Record Flight No. 1/ 

Reliability 
116 30 Jul 1974 603 Engineering Evaluation 
117 30 Jul 1974 602 Reliability/White Sands Missile 

Range Qualification 
118 31 Jul 1974 602 QF-102 Record Flight (Incom- 

plete)/Reliability 
119 1 Aug 1974 601 Engineering Evaluation 
120 1 Aug 1974 602 QF-102 Record Flight (Incom- 

plete)/Reliability 
121 2 Aug 1974 601 QF-102 Record Flight No. 21 

Reliability 
122 2 Aug 1974 601 Reliability/White Sands Missile 

Range Qualification 
123 3 Aug 1974 601 QF-102 Record Flight No. 3/ 

Reliability/White Sands Missile 
Range Qualification 

124 3 Aug 1974 602 Engineering Evaluation 
125 5 Aug 1974 601 QF-102 Record Flight No. 4/ 

Reliability 
126 6 Aug 1974 601 QF-102 Record Flight No. 5/ 

Reliability/White Sands Missile 
Range Qualification 
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TABLE A-1.    FLIGHT LOG (CONTINUED) 

Flight No. Date 
Aircraft/Drone 

FAD No. 
Type of 
Flight 

127 7 Aug 1974 601 
128 7 Aug 1974 602 
129 8 Aug 1974 602 
130 8 Aug 1974 602 

131 10 Aug 1974 602 

132 12 Aug 1974 602 
133 13 Aug 1974 605 

134 14 Aug 1974 602 
135 15 Aug 1974 602 
136 16 Aug 1974 601 
137 19 Aug 1974 603 
138 22 Aug 1974 605 

139 26 Aug 1974 601 
140 27 Aug 1974 605 

141 28 Aug 1974 601 
142 3 Sep 1974 602 
143 3 Sep 1974 602 
144 4 Sep 1974 605 

145 5 Sep 1974 602 
146 5 Sep 1974 602 

147 6 Sep 1974 602 
148 10 Sep 1974 604 

149 12 Sep 1974 602 
150 12 Sep 1974 602 
151 13 Sep 1974 602 
152 16 Sep 1974 602 
153 17 Sep 1974 602 

Emergency Procedures 

Engineering Evaluation 

Engineering Evaluation 

QF-102 Record Flight No. 6/ 
White Sands Missile Range 
Qualification 

QF-102 Record Flight No. 7/ 
White Sands Missile Range 
Qualification 

Pre-NULLO 

PQM-102 Record Flight No. 1 
(NULLO No. 1) 

QF-102 Record Flight No. 8 

QF-102 Record Flight No. 9 

Engineering Evaluation 

Engineering Evaluation 

PQM-102 Record Flight No. 1 
Re-fly (NULLO No. 2) 

Pre-NULLO 

PQM-102 Record Flight No. 2 
(NULLO No. 3) 

Pre-NULLO 

Engineering Evaluation 

QF-102 Record Flight No. 10 

PQM-102 Record Flight No. 3 
(NULLO No. 4) 

Engineering Evaluation 

QF-102 Record Flight No. 11/ 
Pre-NULLO 

QF-102 Record Flight No. 12 

PQM-102 Record Flight No. 4 
(NULLO No. 5) 

Engineering Evaluation 

Engineering Evaluation 

Engineering Evaluation 

Engineering Evaluation 

Engineering Evaluation 

136 

....  . 
I 

■ "...x y: na 

■jr"«' MM 



TABLE A-l.    FLIGHT LOG (CONTINUED) 

Aircraft/Drone Type of 
Flight No. Date FAD No. Flight 

154 19 Sep 1974 602 Engineering Evaluation 
155 20 Sep 1974 602 Engineering Evaluation 
156 23 Sep 1974 602 Engineering Evaluation 
157 

158^) 

25 Sep 1974 602 Pre-NULLO 
26 Sep 1974 606 PMQ-102 Record Flight No. 5 

(NULLO No. 6) 
159 27 Sep 1974 603 Engineering Evaluation 
160 28 Sep 1974 603 Engineering Evaluation 
161 30 Sep 1074 603 Engineering Evaluation 
162 30 Sep 1974 603 Pre-NULLO 
163 3 Oct 1974 603 Engineering Evaluation 
164 4 Oct 1974 604 NULLO No. 7 
165 7 Oct 1974 603 Engineering Evaluation 
166 8 Oct 1974 606 NULLO No. 8 
167 9 Oct 1974 603 QF-102 Record Flight No. 13 
168 10 Oct 1974 603 Engineering Evaluation 
169 10 Oct 1974 602 QF-102 Record Flight (Incom- 

plete) 
170 11 Oct 1974 602 QF-102 Record Flight No. 14 
171 11 Oct 1974 602 QF-102 Record Flight No. 14 

Re-fly No. 1 
172 12 Oct 1974 603 Engineering Evaluation 
173 18 Oct 1974 602 Engineering Evaluation 
174 18 Oct 1974 602 Engineering Evaluation 
175 23 Oct 1974 602 Engineering Evaluation/Training 
176 25 Oct 1974 601 Engineering Evaluation 
177 30 Oct 1974 601 Pre-NULLO 
178 30 Oct 1974 601 Engineering Evaluation 
179 1 Nov 1974 606 NULLO No. 9 
180 4 Nov 1974 601 Engineering Evaluation 
181 5 Nov 1974 601 QF-102 Record Flight No. 15 
182 
183(2) 

6 Nov 1974 606 NULLO No. 10 
7 Nov 1974 601 QF-102 Record Flight No. 16 

184 12 Nov 1974 605 NULLO No. 11 
185 15 Nov 1974 602 IR Test 

I1 
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TABLE Al. FLIGHT LOG (CONCLUDED) 

Aircraft/Drone Tvoe of 
Flight No Date FAD No. Flight 

186 18 No\ i 1974 602 IR Test 
187 19 Nov i 1974 602 IR Test 
188 20 Nov » 1974 606 NULLO No 12 
189 20 Nov ' 1974 601 IR Test 
190 21 Nov 1974 601 IR Test 
191 22 Nov 1974 605 NULLO No. 13 
192 22 Nov 1974 602 IR Test 
193 22 Nov 1974 602 IR Test 
194 3 Dec 1974 602 AIM/Captive 
195 7 Dec 1974 606 NULLO No. 14 
196 9 Dec 1974 601 AIM/Captive 
197 11 Dec 1974 606 NULLO No. 15 
198 12 Dec 1974 603 LAMP Demonstration (R&D)     \ 
199 17 Dec 1974 604 NULLO No. 16 
200 6 Jan 1975 603 Engineering Evaluation 
201 7 Jan 1975 603 Engineering Evaluation 
202 8 Jan 1975 603 Engineering Evaluation 
203 13 Jan 1975 602 Engineering Evaluation 
204 14 Jan 1975 603 AIM/Captive 
205 15 Jan 1975 605 NULLO No. 17 
206 16 Jan 1975 603 AIM/Captive 
207 21 Jan 1975 601 NULLO No. 18 
208 23 Jan 1975 603 AIM/Captive/Engineering 
209 27 Jan 1975 601 NULLO No. 19 
210 28 Jan 1975 601 NULLO No. 20 
211 28 Jan 1975 603 AIM/Captive 
212 30 Jan 1975 601 NULLO No. 21 
212 31 Jan 1975 607 NULLO No. 22 
214 31 Jan 1975 601 NULLO No. 23 

Notes:    (1) PQM-102 record flights complete. 
(2) DT&E co mplete. 
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QF 102 RECORD FLIGHT NO. 1 

Mission:    FG 
Profile:    OF2-I-9 
Date:    29 July 1974 

Zu'u Time at Brake Release: 16:10:47 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

A! data po.nts called for in the 48-Hour Plan (Appendix F) were flown within specification 
tolerances.   The strip-chart recorders and PCM digital tape were operational for this mission 
There was no unplanned data loss for this flight and the safety pilot never took control of " 
the a.rcraft.    Radar 123 was put in the passive mode during pattern work to eliminate the 
interference that caused much of the data loss in previous flights.   The afterburner did not 
ignite for the programmed maneuver, but this did dot adversely affect maneuver performance. 

Two minutes before takeoff the air data indicator on the primary console indicated a pitch 
angle that varied between -10 and -15 degrees.   This indicated pitch down persisted through 
takeoff and initial climb, and approximately 5 minutes into the flight, the air data indicator 
rolled   inverted (the aircraft was not inverted), and control was transferred to the secondary 
console,     t was later noticed that the air data indicator would indicate inve-ted flight when- 
ever the altitude was in the high scale range above 7500 feet.   This problem did not affect 
mission completion and was later traced to a wiring problem in the display console. 

A total of 35 destruct commands were easily identified by the downlink data.   No problems 
were noted w^h the failsafe arm or destruct command channels.   The FGS controller had  " 
a minor problem in maintaining a desired ground track to the maneuver initiate point  but 
the point was successfully reached at the desired time.   No serious problems were uncovered 
during this flight, and the minor problems have been identified and corrected. 

The digital PCM tape was operational for this flight.   Data taken just prior to brake release 
mdicates that the data accuracy is 0.27 percent root mean square (rms) of fullscale value 
This figure, if validated in future flights, yields the following accuracies- 

Altitude (low scale) 
Airspeed 
Mach 

9 
Trigonometry Functions (roll, pitch, heading) 
Example:     roll 45 degrees, cosine 0.707 

20.3 feet rms 
1.76 knots rms 
0.0038 Mach rms 
0.038g rms 
0.006 sin or cos rms 
0.5 degree rms 
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Figure A-1.    Presentation Performance During Event 8:   Scheduled Bank- 
60 degrees; Altitude Hold On; Altitude:   25,000 feet MSL- 
Entry Airspeed:   0.60T Mach 
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QF-102 RECORD FLIGHT NO. 2 

Mission:   FF 
Profile:    QF1-I-10 
Date:    2 August 1974 

Zulu Time at Brake Release: 15:00:15 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, Van Tape, and PCM Tape 

No problems were 
This was an excellent record flight and all events were flown as scheduled 
noted during the flight or during the quick-look strip chart analysis. 

An attempt was made to acquire the drone on an optical p.ss through the 50-mile area    The 

rnnnerqrrrr:;.to a haze prob,em- NO QF/PQM-102 -^ p^~he 

Data Loss Intervals: 

15:29:28 for 18 seconds (26,000 feet in 60-degree right bank) 
15:29:50 for 10 second (26,000 feet in 60-degree right bank) 
15:30:15 for 12 seco       (26,000 feet in 60-degree right bank) 
15:31:30 for 3 seconc.    .ollowing LOC demonstration) 
15:44:12 for 2 seconds (3 minutes prior to touchdown) 
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Figure A-2. Presentation Performance During Event 8; Scheduled Bank- 
72 degrees, right; Scheduled g: 3g; Altitude: 25,000 feet 
MSL; Entry Airspeed:   0.87T Mach 
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QF 102 RECORD FLIGHT NO. 3 

Mission:   AA 
Profile:    2-1-11 
Date:    3 Auyust 1974 

Zulu Time at Brake Release: 16:31:15 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

Although this record flight was accomplished safely and as scheduled, it must be considered 
margmal due to arcraft performance during the programmed maneuver.   All other da     points 
were within specification tolerances. P 

fl^ J üearl
|
y fla^'ef ^PProach to the ^neuver initiate point, the bank angle overshot the 

cheduled value of 75 degrees by 8 degrees and subsequently oscillated between 75 deg ees 

val    TheTorh ^T P^ (FinUr! A3) illUStrateS airCraft Perf—- during this time'inter- 
a  itudP nf ^non?" 'l! T * ^"^ t0 the l0W density at the ma^ver initiate 
alt.tudeo   35,000 feet and the g washout at the end of the maneuver is due to the angle 

a d the noZ; Äf^. !' -^ T™* t0 determine b0th the nominal ba^ Z* and the nominal g loadmg, and it [| significant to note that the bank angle is slightly out 
of tolerances no matter how the nominal is chosen from the plot.   A contributing factor to 
the g-washout was the fa.lure of the afterburner to perform throughout the programmed 
maneuver, causing the airspeed to decrease from 338 KIAS to 145 KIAS. 

Ouring this flight the familiar ±1 degree oscillation in pitch, roll, and heading at a 2 to 5 
per second rate was coserved.   A noticeable altitude fluctuation occurred during event 9a 

of   itt r^M01' r en9a9ed at a95 MaCh and 60 de9rees of bank.   This my be typ cal of altitude hold performance at high airspeeds, bank, and altitude. 

c^nt'rolle6^   ^Ü* ^'/^^ FGS «^ insole failure was presented to the ground 

trol to the MGS emer9enCV ^ hand,ed SWiftly and eXpertly by transferring con- 

Data Loss Intervals: 

16:50:00 for 12 seconds (35,000 feet in 50-degree right bank) 
16:52:28 for 6 seconds (35,000 feet in 60-degree right bank) 
16:57:10 for 2 seconds (35,000 feet level) 
16:46:45 for 6 seconds (35,000 feet level) 
17:02:00 for 4 seconds (35,000 feet in 60-degree right bank) 
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Figure A-3.   Presentation Performance During Event 8; Scheduled Bank: 
75 degrees, right; Scheduled g:   4.0; Altitude:   35,0000 feet 
MSL; Entry Airspeed:   0.96T Mach 
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QF-102 RECORD FLIGHT NO. 4 

Mission:   AC 
Profile:    l-IV-7 
Date:    5 August 1974 

Zulu Time at Brake Release:    17:29:30 
Data Sources:    FGS Controller, Analyst 
Notes, Strip Charts, Van Tape, and PCM Tape 

This flight was marred by the recovery sequence in the maneuver programmer.   All events were 
flown as scheduled by the 48-Hour Plan (Appendix F) and aircraft control using the backup 
FCS was successfully demonstrated. 

The maneuver program (Event 10) called for an 85-degree right bank at 4g for 15 seconds. 
The maneuver was initiated at 18:00:40 GMT with the aircraft at 35,000 feet holding 1.08 
Mach.    Although g buildup time was excessive (6.0 seconds), the maneuver appeared successful 
for 14 seconds.    Immediately following the maneuver, the g loading increased to 6.0 at 18:00:57 
as bank decreased through 60 degrees.    At this time the FGS controller commanded wings level 
but the pitch continued to increase to +29 at 18:01:14 GMT.   This occurred despite a positive 
nose-down command from the FGS controller.    Finally, at 18:01:20 GMT, the controller rolled 
the aircraft inverted to affect recovery.   Airspeed on the display console indicated well below 
100 KIAS at this time although the safetv pilot reported that it did not drop below 120 KIAS 
in the aircraft. 

Post flight analysis indicates that the excessive elevator deflection required during this maneuver 
retracted the lockout pistons in the left HEP valve, and this caused subsequent electrical com- 
mands to the control surface to be ignored.   When the electrical command to rollout was 
obeyed by the right HEP value only, a resulting pitch moment was generated causing the 6g 
pullout.    Moreover, since the electrical pitch trim can only operate at 1 degree per second, 
the FGS controller could not quickly unload the excessive g that were encountered. 

It can be concluded that any prolonged high altitude, high g maneuver may cause a repeat of 
the events described in this report.   Chances for a successful presentation and recovery can 
be maximized by entering the maneuver at a high airspeed with afterburner on and by short- 
ening the presentation time to less than 15 seconds.   The adverse effects of retracting the 
lockout piston in the HEP valve can dso be minimized by selecting the backup FCS during 
recovery.   The backup control system actuates the HEP valve mechanically, and the original 
purpose of retracting the lockout piston was to transfer control to mecnanical inputs.    Hence, 
the FGS controller should have positive control available for recovery if the backup system 
is selected. 

Data Loss Interval: 

17:37:35 for 4 seconds 
17:37:51 for 3 seconds (intermittent) 
17:46:56 tor 4 seconds (afterburner climb through 30,000 feet) 
17:59:56 for 12 seconds (1.08 Mach descent to 35,000 feet) 
18:14:38 for 5 seconds (touch-and-go landing) 
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Figure A-4.   Presentation Performance During Event 10; Scheduled Bank: 
85 degrees, right; Scheduled g:   4g; Altitude:   35,000 feet 
MSL; Entry Airspeed:    1.13T Mach 
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QF-102 RECORD FLIGHT NO. 5 

Mission:    FG 
Profile:    QF1-IV-8 
Date:    6 August 1974 

Zulu Time at Brake Release: 20:40:58 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, Van Tape, and PCM Tape 

This was a successful record flight with all events flown as scheduled.   Two problems of a 
minor nature occurred, but both may be attributed to operator technique.   The first involved 
a data loss of 114 seconds just prior to the programmed maneuver.   The fonward telemetry 
antenna system was selected throughout the data loss interval, and when the aft telemetry was 
finally selected, the data loss disappeared completely.   The second problem area concerned the 
excessive pitch oscillations encountered during the recovery sequence from the programmed 
maneuver.   Approximately 30 seconds after the scheduled completion time of the programmed 
maneuver, the pitch attitude reached 32 degrees and the FGS controller took control for rec- 
overy.   This condition was caused by the altitude hold function being set in the transonic 
airspeed regime during the recovery sequence.   Careful attention to airspeed during presenta- 
tion recovery should avoid a recurrence of this nature. 

Data Loss Intervals: 

20:41:02 for 18 seconds (intermittent at takeoff) 
20:46:30 for 4 seconds (intermittent during climb) 
21:09:10 for 114 seconds (approachnig maneuver initiate point) 
21:12:56 for 10 seconds (intermittent at end of program maneuver) 
21:27:12 for 6 seconds (pattern work) 
21:27:50 for 3 seconds (pattern work) 
21:30:40 for 40 seconds (pattern work) 
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Figure A-5.    Presentation Performance During Event 10; Scheduled Bank- 
85 degrees, right; Scheduled g:    3g; Altitude:   40,000 feet 
MSL; Entry Airspeed:   0.94T Mach 
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QF-102 RECORD FLIGHT NO. 6 

Mission:   AB 
Profile:    QF2-II-9 
Date:    9 August 1974 

Zulu time at Brake Release: 16:02:00 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

Except for certain portions of the programmed maneuver entry sequence, this was a well- 
executed record flight with negligible data loss.   The ground track at maneuver initiation was 
4 degrees off reference and maneuver entry airspeed was 60 KIAS low.   During the maneuver 
presentation the bank was very steady at 56 degrees left, indicating a bias error in the dial 
setting since 60 degrees left bank was scheduled.    All other autopilot data points were well 
within SOW tolerances as shown in Table A-2.    It should also be noted that the indicated 
altitude on the low scale was incorrect when the FGS was in control.   This problem seems 
to recur only on aircraft FAD 602. 
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Figure A-6. Presentation Performance During Event 7; Scheduled Bank- 
60 degrees, left; Altitude Hold On; Altitude: 10 000 feet' 
MSL; Entry Airspeed:   0.49T Mach 
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QF-102 RECORD FLIGHT NO. 7 

Mission:    FF 
Profile:    QF2-11.-10 
Date:    10 August; 1974 

Zulu Time at Brake Release: 15:59:45 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

Th^s was an overall successful record flight with only a few minor difficulties.   The program- 
med maneuver called for 78 degrees left bank with 5.5g and appeared to go well, but digital 
data subsequently showed the initial bank angle slightly out of tolerance.    In addition   the 
position error at the entry point was 1.2 nmi. 

Data Loss Intervals: 

16:00:58 for 3 seconds (LOC simulation) 
16:01:25 for 4 seconds (LOC simulation) 
16:01:40 for 4 seconds (LOC simulation) 
16:26:08 for 3 seconds (pattern work with MGS in control) 
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Figure A-7.   Presentation Performance During Event 7; Scheduled Bank- 
-78 degrees; Scheduled g:   5.5g; Altitude:    10,000 feet 
MSL; Entry Airspeed:   0.88T Mach 
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PQM-102 RECORD FLIGHT NO. 1, NULLO NO. 1 

Mission:   AA Zulu Time at Brake Release:    13:29:15 
Profile:    POM 5-1-1 Data Sources:    FGS Controller, Analyst 
Date:    13 August 1974 Notes, and Strip Charts 

This flight was significant in thai a manned aircraft was converted to a drone and flown 
following a ground checkout only.   Unfortunately, problems with the primary flight control 
system prevented a maneuver program presentation and the mission must be considered un- 
successful. 

After a successful takeoff, the drone would not respond to a wings level command.    Roll 
command authority was erratic throughout the MGS/FGS handover sequence, and within 3 
minutes of takeoff it was obvious that a serious control problem existed.    Following a ref- 
erence airspeed increase in the airspeed on throttle mode, the bank increased to 45 degrees 
right despite left turn commands from the FGS.   At 13:34:28 GMT the backup flight con- 
trol system was selected and the drone began responding properly to all command inputs. 
After depleting the fuel supply to yield an acceptable landing weight, the ground controllers 
flew the drone to an uneventful landing at 14:00:15 GMT.    Long intervals of data loss 
during two handoff sequences caused further apprehensions during the flight, but this prob- 
lem did not occur at any other time. 

Special note should be taken of the fact that preflight and post-flight checks using the PMTS 
did not reveal any discrepancies in the flight control system.   The problem could only be 
duplicated when the artificial feel forces were increased to simulate airspeeds above 200 KIAS. 
At these airspeeds a pitch down command from the autopilot would not deflect the elevon 
enough to actuate the automatic pitch trim mechanism.    In turn, this caused excessive stick 
forces to be applied to the HEP valve lockout pistons from the artificial fee! system.   When 
this force reached 40 pounds, the lockout pistons retraced and transferred control to mech- 
anical control stick inputs.   Since the primary control system produces electrical commands 
only, full control of the drone was achieved only when the backup system (which produces 
mechanical inputs) was selected by the controllers.   The problem was eventually traced to a 
maladjusted auto-trim switch that did not activate and allow the trim system to relieve the 
stick forces from nose-down commands. 

The excessive data loss during handover could not be duplicated, but it is very likely that 
the loss occurred from data being transmitted over the forward telemetry and aft telemetry 
antenna systems simultaneously.    Normally a relay specifically selects the antenna system under 
primary control to transmit data, but under backup flight control, it is possible that the aft 
telemetry system selected by the MGS controller and the forward telemetry system selected 
by the fixed station controller were both transmitting data, thus overloading the system. 
When both stations selected the forward telemetry system, the data loss completely dis- 
appeared and the problem did not reappear.   The system has subsequently been modified 
so that the PRF generator in the forward telemetry system would not transmit data unless 
specifically selected by the primary controller.   The problem has not recurred with this 
modification. 
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The results of this flight indicate that the PMTS sequence should be modified to check 
control authority limits given different sets of artificial feel forces which simulate airspeed 
changes in flight.   This would check flight control authority in a more realistic flight environ- 
ment.   Continuing problems associated with the HEP valve lockout pistons can be expected 
when a high g loading (above 5g) is scheduled as a maneuver presentation.   Chances for a 
successful presentation are increased by lowering the presentation altitude, increasing the 
entry airspeed, and shortening the high g loading time interval.   These procedures were pre- 
viously listed in the report on QF Record Flight No. 4, 5 August 1974. 

Data Loss Intervals: 

13:37:01 for 10 seconds (under FGS control) 
13:54:50 for 18 seconds (MGS to FGS hand-off) 
13:56:28 for 24 seconds (FGS to MGS hand-off) 

i 

154 

r^^TwsWiFr*r*^^---^s—7—1*^ 
^*\i:  ''■*',.:   ■'--*—■;. 



QF-102 RECORD FLIGHT NO. 8 

Mission:    FF 
Profile:    QF2-III-9 
Date:    14 August 1974 

Zulu Time at Brake Release; 17:30:25 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

This record flight was marginal due to aircraft roll performance during the two-phase pro- 
grammed maneuver.    During the first presentation the afterburner blew out and the FGS 
controller discontinued the maneuver due to low airspeed.   The entry parameters were 
evaluated for this initial presentation and the performance parameters were evaluated for 
a subsequent presentation.   The bank was very stable during the two-phase maneuver  but 
was apparently biased 6 degrees to the right in both cases.   The g-loading was also stable 
until the angle-of-attack limiter caused a slight g washout at the termination of phase two 
A planned inverted recovery was observed following the maneuver due to a high pitch angle 
of 25 degrees. 

Data Loss Intervals: 

17:41:38 for 4 seconds (35,000 feet at 0.9 Mach) 
17:52:49 for 2 seconds (first presentation attempt) 
17:55:20 for 10 seconds (recovery from second presentatioi.) 
18:10:00 for 5 seconds (MGS in control) 
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Figure A-8.   Presentation Performance During Event 8; Scheduled Bank 
+72 and -76 degrees; Scheduled g:   +3g and +4g; Altitude- 
35,000 feet MSL; Entry Airspeed:   0.85T Mach 
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QF 102 RECORD FLIGHT NO. 9 

Mission:   CB 
Profile:    QF2-III-10 
Date:    15 August 1974 

Zulu Time at Brake Release: 14:00:30 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

The two-phase programmed maneuver did not perform within specifications during this flight 
Phase I of the maneuver was entered at 0.87 Mach near 45,000 feet.   The initial bank sur- 
passed the scheduled bank of 85 degrees by 7 degrees and decreased slowly throughout the 
maneuver.   The effects of angle-of-attack limiting were apparent approximately 8 seconds 
after maneuver initiation and caused a g oscillation during the final part of Phase I and 
could not be reached within SOW tolerances.   The scheduled 4.0g of Phase II could not 
be reached within SOW tolerances.   Most of these discrepancies are caused by the high 
angle-of-attack resulting from a subsonic maneuver entry airspeed combined with a high 
entry altitude.    It also appears probable that a bias existed in the preset bank angles of 
the maneuver programmer since a right 8-degree offset existed in both phases of the pre- 
sentation. 

Data Loss Intervals: 

14:15:53 for 4 seconds (cruise at 45,000 feet) 
14:23:07 for 8 seconds (Phase II of maneuver) 
14:36:22 for 14 seconds (mobile control in pattern) 
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Figure A-9. Presentation Performance During Event 8: Scheduled Bank: 
+85 and -80 degrees; Scheduled g: +3g and +4g; Altitude: 
45,000 feet MSL; Entry Airspeed:   0.88T Mach 
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PQM-102 RECORD FLIGHT No. 1  (RE-FLY) 
NULLO NO. 2 

Mission:    FF 
Profile:    PQM5-I-1 
Date:    22 August 1974 

Zulu Time at Brake Release: 14:30:37 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

This unmanned flight accomplished the original objectives of the PQM-102 NULLO No. 1 
flight which was air aborted on 13 August 1974.   All events were flown as scheduled and 
were within established tolerances. 

Takeoff was late due to a brake relay failure and a popped chute during the countdown. 
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Figure A-10. Presentation Performance During Event 6; Scheduled Bank: 
60 degrees; Scheduled g: 2g; Altitude: 25,000 Feet MSL; 
Entry Airspeed:   0.86T Mach 
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PQM-102 RECORD FLIGHT NO. 2, NULLO No. 3 

Mission:    AA 
Profile:    PQM5-IV-2 
Date:   71 August 1974 

Zulu Time at Brake Release: 13:13:11 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

This unmanned flight successfully accomplished its objectives despite the prevailing poor 
weather conditions.   The heading indicator froze at 245 degrees after initial handoff to 
the FGS, and the plotting board was subsequently used to confirm ground track.    It is 
significant to note that if a LOC occurred while the heading indicator was frozen at 245 
degrees, the aircraft would have climbed in a constant right 30-degree turn until automatic 
destruct.   Only one maneuver presentation was made because the chase pilot lost visual 
contact with the drone following the first presentation due to weather conditions    Data 
loss was negligible for this flight. 

Recovery was uneventful except for the barrier engagement when the drone swerved off 
the runway.   The drone was not damaged and the reason for the mishap is undetermined. 
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Figure A-11.   Presentation Performance During Event 8:   Scheduled Bank- 
75 degrees; Scheduled g:   3g; Altitude:   30000 fee? MSL 
Entry Airspeed:   0.92T Mach L' 
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QF-102 RECORD FLIGHT NO. 10 

Mission:    FH 
Profile:    QF2-NP-4 
Date:    3 September 1974 

Zulu Time at Brake Release: 21:12:52 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

The dual purpose of this flight was to demonstrate programmed maneuvers above 4.0g and 
to test the low altitude command and control ability of the QF-102.   Phase II of the high 
g programmed maneuvers was used to reduce the g-loading on the aircraft while maintaining 
the original bank angle.   This procedure allows time for the trim actuator to follow-up to 
the new neutral position, and avoids a combined pitch and roll command that might cause 
the lockout pistons in the HEP value to retract.. 

Phase I of both presentations went well, but Phase II only lasted a few seconds before the 
recovery sequence (automatic takeoff) was commanded.   Tests with a noise generator after 
the flight verified that random signals could cause the program timer to reset before the 
scheduled completion time.   The problem is still under investigation. 

The low altitude portion of the flight was accomplished near Northrup Strip at an airspeed 
of 400 KIAS.   Contour lines indicate that the ground level in this area is approximately 
4000 feet MSL.   Since this is very close to the field elevation at Holloman Air Force Base 
the difference between the radar altitudes on the runway and the radar altitude during the' 
low-level flight was used to determine height above ground level.   With this procedure  the 
QF-102 indicated controlled flight with no data loss at an altitude of 348 feet above iround 
level. 

During this mission the smoke system did not operate.   No explanation is available. 
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Figure A-12.   Presentation Performance During Event 6:   Scheduled Bank- 
78 degrees, right; Scheduled g:   5g; Altitude:    15,000 feet 
MSL; Entry Airspeed:   0.94T Mach 
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Figure A-13.   Presentation Performance During Event 7:   Scheduled Bank: 
80 degrees, right; Scheduled g:   6g; Altitude:    15,000 feet 
MSL; Entry Airspeed:   0.94T Mach 
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PQM-102 RECORD FLIGHT NO. 3, NULLO NO. 4 

Mission;   AA 
Profile:    PQM-ll-2 
Date:    4 September 1974 

Zulu Time at Brake Release: 13:46:40 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

The purpose of this unmanned flight was to demonstrate DIGIDOPS, low altitude fliaht 

HV^r^inta  T3^T89TMmTedTm
h
aneUVerS-    ^ ^ ^ ™ ™*X*^ 

ZZcZT ^^ HVAR did n0t ,eave the rail due to a ^'ssile 

Radar altitude data showed the drone at 392 feet above ground level during the low altitude 

r n.-t H,S H9^ T ?btained by differencing the radar altitude on the runway wi      he 
r dar alt.tude dur.ng the low-level flight.    Contour lines indicate that this procedure^ntro 
duces negligible error to the altitude figures. «ceaure miro 

The first programmed maneuver went into recovery (automatic takeoff) 6 seconds after 
n.t,ation, and the second programmed maneuver went into recovery entering Phase      of 

the presentation.   The bank and g-loading during the maneuvers were within toleran es 

L   io'      TheT,;^ tr '^i 3 SePtember 1974 manned ^ and is still unde    nves- igation    The most probable explanat.on at present is that random electrical signals are re 
setting the maneuver timer and causing an inadvertent entry to the recovery sequence 

Data Loss Intervals: 

14:01:28 for 2 seconds (first program maneuver) 
14:07:30 for 2 seconds (second program maneuver) 
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Figure A-14.   Presentation Performance During Event 6:   Scheduled Bank- 
80 degrees, right; Scheduled g:   6g; Altitude:    15,000 feet 
MSL; Entry Airspeed:   0.92T Mach 
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Figure A-15. Presentation Performance During Event 7: Scheduled Bank- 
82 degrees, right; Scheduled g: 7g; Altitude: 15,000 feet " 
MSL; Entry Airspeed:   0,92T Mach 
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QF 102 RECORD FLIGHT NO. 11 

Mission:   FF 
Profile:    QF2-NP-5 
Date:    !3 September 1974 

Zulu Time at Brake Release: 21:00:48 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

The goal for this test flight was to prepare for the maximum altitude flight on a subsequent 
NULLO mission and to demonstrate maximum obtainabile Mach number. 

The maximum altitude indicated by PCM tape data was 52,053 feet.   The chase aircraft 
indicated less than 50,000 feet pressure altitude at this time, and the OAT at this altitude 
was -69.7 degrees Centigrade.   Maximum density altitude of the QF-102 was computed to 
be 51,000 feet. 

The maximum Mach number obtained this flight was 1.3 Mach as indicated by PCM data 
at 21:23:24 GMT.   The aircraft was descending at -3350 feet per minute (fpm) through 
25,000 feet at the time of maximum speed.   The SOW goal for maximum speed is 1.35 
Mach; this could not be reached. 

A 5.0g maneuver program presentation was accomplished following the maximum speed 
demonstration.   Aircraft performance during the presentation and recovery was satisfactory. 
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Figure A-16. Presentation Performance During Event 6: Scheduled Bank- 
78 degrees; Scheduled g: 5g; Altitude: 20,000 feet MSL- " 
Entry Airspeed:   0.94T Mach 
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QF-102 RECORD FLIGHT NO. 12 

Mission:   AA 
Profile:    QF2-V-5 
Date:    6 September 1974 

Zulu Time at Brake Release: 2301 34 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

This bank offset was noticed four separate S H ?       ^"scheduled bank for the maneuver, 
during previous flights of »Irc^HfTomTu^^^ ^ had beeP observed 

maneuvers demonstrating 75 degrees of bank with ai?t H   ^ 1974-   The eva,uation of 
due to the high resulting bank angle    At To d aree   nf h    .0,d.0n C0U,d n0t be ^omplished 
cally set off and the maneuver was subseauentt HT   V    ^ ^ altitUde hold was ^tomati- 
rescheduled at a later date subsequently d.scontmued.   This demonstration will be 
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Figure A-17.   Presentation Performance During Event 6:    Scheduled Bank: 
60 and 135 degrees; Scheduled g:   4g; Altitude:    29 400 
feet MSL; Entry Airspeed:   0.94T Mach 
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f 
PQM-102 RECORD FLIGHT NO. 4, NULLO NO. 5 

Mission:    AA 
Profile:    PQI\/l4-IV-4 
Date:    10 September 1974 

Zulu Time at Brake Release: 14:07:16 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

The purpose of this flight was to demonstrate the maximum altitude attainable on a NULLO 
m.ss-on.    The max.mum altitude indicated by PCM tape data was 56,305 feet MSL and the 

£*™\      MO. data iS 264 feet rmS-   The maximum alti^de indica ed by Radar 129 was 
56,800 feet MSL and 56.870 feet MSL by Radar 123.   The OAT at this altitude was -68 3 
degrees Cent.grade, and the maximum density altitude was 56 000 fee   MSL 

Two HVAR shots were scheduled for this mission, 
missile malfunction. 

The second HVAR failued due to a 

lii,ahpHit,0An t0 T T1™01 altitUde demonstration. a programmed maneuver was accom- 
Phshed.   A.rcraft performance was within SOW specifications throughout the maneuver 

Data Loss Intervals: 

14:13:27 for 4 seconds (following handover to FGS) 
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Figure A-18.   Presentation Performance During Event 7:   Scheduled Bank: 
75 degrees; Scheduled g:   4g; Altitude:   25,000 feet MSL- 
Entry Airspeed:   0.83T Mach 
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PQM 102 RECORD FLIGHT NO. 5, NULLO NO. 6 

Mission:   AA 
Profile:    POM6-V-5 
Date:    26 September 1974 

Zulu Time at Brake Release: 14:14:36 
Data Sources: FGS Controller, Analyst 
Notes, Strip Charts, and PCM Tape 

This flight included two successful HVAR firings for DIGIDOPS evaluation and two AIM-9J 

rL/ 9S ^^ ^ SChedUled HVAR firin9S and be9an the operational phase of IMG proyTäm. 

The programmed maneuvers consisted of two 6g presentations.    (A third 6g presentation was 
cancelled due to low fuel.)    During each maneuver the nominal bank was 2 to 3 degrees Tow 
Th,srecurr,ng problem concerning incorrect nominal bank angles (reference QF-102 Record    ' 
Flight No. 12) is apparently caused by a feedback voltage in the roll attitude circuitry which 
should be zero when the elevons are aligned.    If this voltage is zero when the elevons are 
misaligned   or if aircraft trim requires slightly misaligned elevons for level flight   an offset 
m bank wiH appear during maneuver presentations.   The offset does not occur'during non- 
programmed   light because heading hold automatically cancels any feedback voltage which 
exists.    A roll error integrator has been proposed to correct this problem. 

The high g maneuvers also showed a definite g-overshoot tendency which lasted for approxi- 
mately 2 seconds.   This was most probably caused by the g-error integrator, which sums the 
g error over time and generates a command for additional g if needed.    During the longer 
buildmg time for high g maneuvers, this integrator will theoretically generate a large er-or 
signal and cause temporary overshoot.   A gate which eliminates the integrator from operating 
until a certain g force is attained has been proposed to solve this problem. 

A range computer problem delayed takeoff. 

Data Loss Intervals: 

14:15:46 for 6 seconds (following takeoff on Radar 123) 
14:17:02 for 6 seconds (initial climbout on Radar 123) 
14:22:00 for 12 seconds (following HVAR firings on Radar 122) 
14:29:22 for 10 seconds (cruise at 18,000 feet) 
14:35:22 for 3 seconds (termination of record presentation) 

Note:    Fixed station altitude data was lost at 14:49:51 GMT and loss persisted until 
MGS took control at 14:51:36 GMT. 
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Figure A-19.   Presentation Performance During Event 8:   Scheduled Bank: 
80 degrees; Scheduled g:   6g; Altitude:   18,800 feet MSL- 
Entry Airspeed:   0.94T Mach 
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Figure A-20.   Presentation Performance Luring Event 12:    Scheduled Bank- 
80 degrees; Scheduled g:   6g; Altitude:   20,500 feet MSL- 
Entry Airspeed:   0.95T Mach 
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NULLO NO. 7 

Mission:    AA 
Profile:    PQM4-6 
Date:   4 October 1974 

Zulu Time at Brake Release:    14:21:00 
Data Sources:    Mission Notes, Strip 
Charts, and PCM Tape 

actual AlM^^15. ^ ^? ^^ * ^ g maneuver Presentation as a target for 

quent 6g maneuvers were accomplished.   Since Tactical Air Warfare CentPr   TAUWrwt? 
era t were approximately one mi.e in trail of the äroneUo^offT^ 
f. mg, the normal t.me constraints at maneuver initiation did not apply 

PQM-102 flight performance during the presentations was excellent    A riaflntt« „ «      u 

Definite altitude oscillations occurred at 20,000 feet when airspeed exceeded 440 KIAS 

i«) i* n tm 
■i- • 

:i?l:;.;t:t 

Figure A-21.   Altitude Oscillations at 20,000 Feet 
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Figure A-22.   Presentation Performance During Event in-   «Jrh^, i w D    , 
80 degrees; Scheduled g:   6 Og;JAltTtude     18 ^0 w iSftf: 

Entry Airspeed:   0.94 Mach       Mmtude-    W'700 feet MSL; 
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Figure A-23. Presentation Performance During Event 14: Scheduled Bank- 
80 degrees; Scheduled g: 6.0g; Altitude: 20,500 feet MSL-" 
Entry Airspeed:   0.94T Mach 
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NULLO NO. 8 

Mission:   AA 
Profile:    PQM6-7 
Date:   8 October 1974 

Zulu Time at Brake Release:    14:15:11 
Data Sources:    Mission Notes, Strip 
Charts, and PCM Tape 

L th   .rt f     . , '? the maneUVer Presentation abilities with the airspeed input 
n ^  H J SVStem d,sconnected-   The noise filters for the programmer were also 

msta led for this m.ss.on.    Unfortunately, bad weather caused cancelLion oH e ac ua 
missile firings, but one presentation was accomplished. 

le in'rhf t"9 ^T ^ *** ^ 0^ * slight g overshoot "^ was hardly notice- 

li u e   13 2 ^ee^nH" "r"6 T^Z'   ThiS WaS eXpeCted since the >- init at 0" altitude (13,270 feet) and high entry airspeed (500 KIAS) combined to shorten a builH.m 
t.me and reduce the effects of the g-integrator (reference PQM-102 Record F^t No   7)' 

The altitude oscillation noticed on the previous NULLO No. 6 flight at high airspeeds (450 

Ä%TÄ AAA"^" ^the piKh L ^ ^ 
At 14:48:42 GMT the airspeed on pitch mode was initiated with a 20 KIAS error siqnal 

ÄtsriÄTpi,ch an9ie smoo,h,y decreased 5 ^ - 
Data Loss Intervals: 

14:46:08 for 2 seconds (during maneuver presentation) 
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Figure A-24.   ^tation Performance During Event 6:   Scheduled Sank: 
80 degrees; Scheduled g:   6.0g; Altitude:    14,000 feet MSL; 
entry Airspeed:   0.93T Mach 
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QF-102 RECORD FLIGHT NO. 13 

Mission:   FF 
Profile:    QF3-V-6 
Date:   9 October 1974 

Zulu Time at Brake Release:    16:35:10 
Data Sources:   Mission Notes, Strip 
Charts, Digital System, and PCM Tape 

The objectives of this mission were to test the low aitit.,,^ m 

obtain altitude hold performance data at 7R Inll   f ^    . .aneUVer Program™r and to 
The first objective was nTm^dl   o an erfat    H  ° t    ^ dur,ng P^^ammed maneuvers, 
of altitude hold data at high Ik '^^70^    ^ ^ ^ * COnsiderable *™unt 

ÄrrroTnt,^ Äti^^tnÄr ion'there is a definite —- 
altitude increases, as shoJn in Figures A.25I26I27   A 28^UTir P? T ^^ 
to present data since typical steadv-state altltnrtT h«M «   / ' 29-   Plots were used 

bank a„gles.   «.xlmuÄÄÄn? ÄSlÄTsSw Z, °b*™**h!*' 
m sharp contrast to the excdtent aLitude hold perfoSe at loLe^bank an^      * ,S 

as shown by th. ptel h0ld ',er,orma"«. however, was very good 

controller to ^onZTet^f^smlt^nJ      '"T  "^ loSS caused thE FGS 

This phenomenon otnZTJ^TZ^^T '"e*ntatlm " 17:16:64 GMT- 

Data Loss Intervals: 

i1«:?n:^ !0r i SeCOnds (altitude hold demonstrated at 10 000 feet) 

r pro^r^Ä-riÄ^r^ —^^^^ 

i 

i 

i 

■^r^^^^.j«y^rynTi>^iyi"»j..-T«^-^,F,,,!f..q>_i,;v I »g" fgi» -I«—'—'■■^r ■ 
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Figure A-25.   Presentation Performance During Event 4d:   Scheduled Bank: 
75 degrees; Altitude Hold On; Altitude:    10,000 feet MSL; 
Entry Airspeed:   0.74T Mach 
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Figure A-26.   Presentation Performance During Event 11:   Scheduled Bank- 
75 degrees; Altitude Hold On; Altitude:    1,600 feet MSL- 
Entry Airspeed.   0.77T Mach 
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Figure A-27.   Presentation Performance During Event 12:   Scheduled Bank- 
75 degrees; Altitude Hold On; Altitude:   580 fee? MSL 
Entry Airspeed:   0.63T Mach ' 

186 

M^nflMMB 



o 

oo 

i M 
Q-D 

0) 
«  0) 

O) in 

(laaj) aouajapy LUOJ^ UOIIBJABQ apnjuiv 

187 

\ 
.    -• 

t 
, ^,;.■.■tit)iWM.y.. „a^,^^. r „ ^,.^,,g.=_ ... iir-ui^.,,      „  --r-^g- 



(laaj) aouaja^ay IUOJ^ UOIIBIABQ apnimv 

in 

f&fm fr- 
J!_ 



■■■^a- 

QF-102 RECORD FLIGHT NO. 14 (UNSUCCESSFUL) 

Mission:   FF 
Profile:    QF2-IV-7 
Date:    11 October 1974 

Zulu Time at Brake Release:    18:49:00 
Data Sources:    Mission Notes 

The purpose of this flight was to test the roll-integrator modification made to the fliaht 
contro   system.    F.ve minutes into the mission it was obvious that theTewa   a serious 

St0turn   t' Pyh
,n

k
the T3' ^ 0f the fli9ht COntr01 ^em-   When ro'ing ou   of a 

TS U'    <r .ank an9le W0Uld overshoot "P to 25 degrees using the wings level command 
Th^backup flight control system was selected and recovery was accomplished at 19 05:0? 

4D0U00nVe
htea

tnidme55t0h0tfehe? ^LT L" T^K^ '^^ attitude OScillaiions ™ between ww reet and 5500 feet on the low scale.   This recurring and baffling problem wa<: flft.ll« 
traced to the encoders in the aircraft during subsequent ground test      Ca 6^1^ St..HP 
channel was not grounded in the encoder due to a design deficiency   and^h s c used an   ttf 
tude osc lat.on when the encoder was responding to a 320 PRF rate Tom the fixed site 
mterrogations.   All encoders will be modified to correct this deficiency. 

tQSCO?MattemSDf V/^655^1 record fight was made at 22:10:00 GMT on 11 October 
utooiirrarJ  *■   The PrerUS r0l, inStability Was traced t0 a Possib'e Mufi of the autopNot   ate- ensmg gyro, and It was replaced for the re-fly of OF REcord Flight No   14 

Immediately after take-off, however, the lateral axis went completely unable and the dver- 
gent roll caused another mission abort.    It is possible that the signals from the autopMot 
rate-gyro had the wrong polarity, and the problem is under investigation 

^c0.1^13 tape WaS not recorded for OF-102 Record Flight No   14 or for the re flv 
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F.gure A-30.   Scheduled Performance During Event 14:   Scheduled 
SflQQ LA65/ Scheduled gforce:   4.0; Altitude: 
24,000 feet MSL (not graded); Entry Airspeed:   0 86T 
Mach (not graded) 
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Figure A-31.   Scheduled Performance During Event 14 (Repeat): 
Scheduled Bank:   80 and -76 degrees; Scheduled 
g-force:   4.0; Altitude:   20,000 feet MSL (not graded); 
Entry Airspeed:   0.80T Mach (not graded) 
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QF-102 RECORD FLIGHT NO. 16 (SATISFACTORY) 

i 

Mission:    CH 
Profile:    QFMV-7 
Date:    7 November 1974 

Zulu Time at Brake Release:    21:16:25 
Data Sources:   Mission Notes  Strip 
Charts, and PCM Tape 

The primary purpose of this final record flight was to thorouqhlv test the rnll intPnr.w 

mThTroMnSe
p
ntl\tOCCUrS' bUt STr time is raPid and almost no oscatfons are present 

aircraft * recommended ^ the roll integrator be included in all prodSc^on 

Ä^A^-S^tßÄfÄ^1 It h!?h ^k an9les was also tested during this 

the dt^n^pth oLSs.   The maneUVer WaS dlscontinued ^ter 41 seconds due to 

TJt^m M%äTeTal0nnrlWere acclT,Shed at 25'000 feet with bank angles 
from r«^i wL S "   i^ ^ 2 was nuch better at this altitude, and deviations 

consistently meet specifications only below 10,000 feet MS L    The results o/thlfiinht 
conform completely with the conclusions of the final Ä rÄCMe^d^rm- 

JohrVc"Ublatnk0lntat/H?1rinindiCated that the ro11 inte9rator has solved the problem of in- 

Significant Data Loss Intervals: 

21:28:21 
21:28:32 
21:28:40 
21:30:50 
21:36:12 
21:33:00 
21:33:15 
21:39:13 
21:41:30 
21:41:50 
21:45:15 
21:43:46 
21:44:02 

for 2 seconds (climbout) 
for 6 seconds (climbout) 
for 2 seconds (climbout) 
for 7 seconds (cruise at 45,000 feet) 
for 24 seconds (intermittent) (cruise at 45,000 feet) 
for 8 seconds (Phase II of presentation) 
for 2 seconds (recovery from presentation) 
for 4 seconds (Phase II of presentation) 
for 2 seconds (Phase II of presentation) 
for 4 seconds (cruise at 28,000 feet) 
for 2 seconds (cruise at 28,000 feet) 
for 10 seconds (7ö-degree right turn at 25,000 feet) 
tor 36 seconds (75-degree left turn at 25,000 feet) 
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Figure A 32.   Performance During Event 9:   Scheduled Bank: 
80 and -76 degrees; Scheduled g-force:   3.0; 
Altitude:    35,000 feet MSL; Entry Airspeed: 
1.15T Mach 
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Figure A-33.   Performance During Event 10:   Scheduled Bank: 
50 and 135 degrees; Scheduled g-force:   3.0 and 
4.0; Altitude:   34,000 feet MSL; Entry Airspeed: 
0.98T Mach 
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APPENDIX B 

DATA ANALYSIS METHODOLOGY 

The purpose of data analysis in this program is to determine how well the aircraft ftioht 

Se e0 e3;S eTuItT   FlS? Ä£S Ä and t0 eStimate future PerformTnce basÄ these test results    Flight performance data were recorded using magnetic tape and strio 
char   recorders.   The data reduction procedure depended on the source be nguS ancTis 
described m the follow.ng paragraph.   Once this data is available, a statistical analysis usina 

cConfTdnencena|leveefhn,qUeS ^ aCCOmp,ished t0 ^™* ^e aircVaft^eXmance 'at"a "iven 

1. DATA REDUCTION AND PRESENTATION 

♦    Th„ Leclini^ues used in obtaining usable flight data in the form of listings   plots  and 
rnnTt'lw ^ SfJ^ ^^ influenced by the SOW tolerance Im     and by the tfme 
constramts imposed by the test program.    In many instances the flight data must be verv 
accurate to evaluate performance relative to the tolerance limit, which usuall^s expressed 
LttifTn.     r .al,ow^le aviation.   The ten bit data used to report propofonalSels 
(attitude ana airspeed) were not accurate enough to allow this type of evaluation in Til 

xÄf tf^'AlS h^1^^-9490' the ^iä« w^^we^to'be exceeoea it the error oscillation had a damping constant greater than 0 4  and aaain the 
downlink data in many instances were not sufficiently precise to determine "his 

Th J^ Proble™ I*35 solved by averaging the reported data over the time interval of interest 
LHÄSI at f,rSt SeemS selfdefeating since large error oscillations ^1^ to be can 
Ä ^\    e averarq pr0Cess along with the da,'a inaccuracies.    During most test intervals 
(events)   however, the actual flight performance as reported by the safe?yo? chase X was 
very stable.   This was verified by the downlink data which from the «rip chart   ecSders 
appeared as a noise signal superimposed on a constant value.   In this case  the avSna 
process would yield a numerical result which converged on the constant value     If oscHla- 
t.ons were reported by the safety or chase pilot, or if oscillations were obvious  n ?he   ?rin 

ac^^TlighrÄ^ar9^9 ^^ WaS SUPP,emented * a ^J^tS^J^ 

in HZ time^c°nstraints inherent in a development program were also an important factor 
in choosing data reduction methods.    It was obvious, for example  that eveTrperformance 
capabi.ty could not be evaluated in all instances wh^re a comLnd modeTas enqaqTd    As 
H..Pr[nCt,Cal haltr?ÜIVe' Perforrance ™* sampled for a 20- to 40 second tt^rvaMdata point 
?hp~9 a sc

l
h^"led event' and overall evaluations were based on the cumulat ve results f°om 

these sampled data points.   The strip chart recordings satisfied the nSdfor oulSaok 2S 
since they were immediately available for study following a test flight 

a.   Magnetic Tape Digital Data 

Digital uplink and downlink data were recorded on a FR 1800 seven-track taoe at 

araohS-2 kTlÄ ?a?t
recorded are ^^ * Tables 6 and 7  andTn SnTv   para- 

Jo hp noi 9,tal d/ata* ,S accurate to 0-3 Percent rms and wa   experimentally dete?m ned 
Thic a?   7 PerCen • rmS (r^fer t0 data summary for QF-102 Record Flight No  2 ^pnend^x A) 
This accuracy applies to the ten bits of available data in each proportional channel   P *' 
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second samples):   altitude, attitude ra e   ajrs Jed   E   1?     mfoJ^on versus time (1 
roll, heading, and discrete   1 through 8    ASn^nl9", T6' 5PR' radar attitude' ^ch. 
ava.lable upon request and ri,^^^^^!^ "' '"' information was 

These digital listings were used tn raipniato ^r.^ 
terest during a specified time interva?   The ?nitial S nSTÄ perf°rrTl?nce ^lue. of in- 
determmed by taking a short-term average ohPn/r.mpTo      ValUe ?f a fli9ht P»"nm was 
test event or data point.    If thepa7aZetl%dnrS^Tr T™ h had ^bilized during a 
performance description was ^SSH^a LTJ^Sf* dUrin,g the data Point a detailed 
value was determined, the J!Z^Bt^ ofZ^^S^ld ^ W*'   0nce a nominal 

the test interval.   This average deviation Tas compared w^ihthlT ,n0m,naWas calcu|ated over 
system compl.ance with the SOW.   These resuirw/rl^mm        tolerance l.mit to determine 
narrafve portion of each data ^«^T^Jy^Ä A)   ^^ f0ll0Win9 the 

time neVZ^oV^^^^ (bank angle and g-force) versus 

following a mission and are mUmZd^l^S^^ Were 0.btained 3 to 5 ™*k* 
was to check the accuracy of the digital ltetl?a b^Ll^ Pnmary function of the P*Otl 
m.ttent, stream of data.   The Jots we?e ate u^nffh^« co

K
nt,nuous. rather than inter- 

present in the digital data. ül ,n checklng the amount of parity error 

approximS^^^^^ the origina. magnetic tape 
for future reference if necessary    The pumose of ttL t  "''^ data Was stored on the* tapes 
records which are specifically adapted f'orcompuLfanalS65 ,S t0 maintain COmplete mission 

b.   Strip Chart Data 

TRees'htTen ^Zi^^Te^Tc öTtt ctaS data-T";eCOrded on ***> Techni-Rite 
2.b.   Although the primary pur^^^ ,dent|fied in Section   IV, paragraph 

they could be used for a ^^ÄÄ^JÄI?!iSC      qUiCk",00k ^'^ 

cally r^^^SäZ^^JT^^ZS^^U^^ traces — °Pti- 
be performed on these values as described in Ta"^'. ^TJ^   Caic^o™ could then 
reading was accomplished by a data reduce   OSPTK.-0/ thlS ^PPendix.   The optical 
calculations were performed using the Whill ?S M-  ^ ,n

D
tegrated f***™. and subsequent 

Due to r^mtfoua^Z^dwMiÄÄÄ r'T UN,VAC 1108 comP^er. 
analysis was routinely done for aM teVorofit m L        9net,C tape system' this type of 
flights were analyzed using dig ta  or an^oaL^t' Pr,0r t0 July 1974-   Al1 ^ord 
dure as a backup capability 9 ma9net|C tape systems with the above proce- 

c. Magnetic Tape Analog Data 

As an alternate source of oerformanrp Hata   on ui. ♦ J 

analog converters were recorded on maTetic taoe    Th' 1°^ 'S^ in?uts from the WM 
digitalized using the general input converter atTP ßTS     "'c9  "^«kwi was subsequently 
This digital data is accurate wfth nT^cent and if n^f f^^l Hol,0man Air Force ****■ 
described in paragraph a. of this ApoendTx    Thp f nhf  .   V Can be used for the analysis as 
is the same as that provided ^ÄJ J^ÄfcT^ÄSy0" ^ ^ 
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2.    STATISTICAL ANALYSIS 

The preceeding discussions have been concerned with the reduction and presentation of 
data points which summarize the observed flight performance during testing.   The manip- 
ulation of this data in order to state conclusions and estimate future performance is covered 
in this section. 

a.    Normalized Performance Results 

The SOW performance tolerance limits are listed in Section III.    For many flight 
parameters, the limits are not constant but change with stated flight conditions.    In the 
specific case of altitude performance above 10,000 feet, the tolerance limit continually 
changes with altitude and bank angle.   This functional relationship between performance 
limits and flight conditions makes it very difficult to collect enough data points for general- 
ized conclusions to be made about system performance. 

In order to solve this problem, flight performance relative to the tolerance limits was 
normalized; that is, performance deviation during a specified control mode was divided by 
the SOW tolerance limit and presented as a result for that data point.    For example, at 
11,000 feet and 35 degrees of right bank, the tolerance limit for altitude is given by 

Altitude Limit =   (0.005)    x    (11,000 feet)   +   35 feet   ■   90 feet. 

If the magnitude of the altitude deviation during this data point is 60 feet, the normalized 
performance result is 

Deviation 60 
Normalized Altitude Deviation Limit 90 =   0.67. 

This result may also be expressed as a percentage of the SOW tolerance limit, and in the 
above example, the result would be 67 percent.   These normalized results are available from 
data points covering a wide range of flight regimes and changing tolerance limits. 

The question now arises as to the validity of combining these normalized results 
when analyzing a flight control mode.   Two assumptions appear to be necessary:    First, 
that the flight control mode has similar operating characteristics over the flight regimes'of 
interest.   Second, that the performance deviations increase linearly with the tolerance limits 
as flight regimes change.   With these assumptions, the normalized performance deviations 
give accurate indications of system performance and may be combined in analysis.   The 
number of data points available for analysis thus increases dramatically for a specified con- 
trol mode and allows more confidence to be placed in any statistical conclusions which are 
made. 

^ 

b.    Expected Performance and Confidence Levels 

In order to perform a statistical analysis on the available performance data, certain 
standard assumptions have been made.    First, the normalized performance deviations must 
be assumed to behave as a normally distributed random variable.   Second, if an infinite 
number of data points are available, it is assumed that the average performance deviation 
is zero.   Thus, for an infinite population of data points. 

Average Performance Deviation   =   5?«=   0 

One Sigma Performance Deviation   =    fx. 
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deviations'^^ gtri,3!!'1^ ^T™ »hi* ^ » the performance 
should have perfoZ"" T^t^ ^^1"%^™ Z f.*? "T" 
percent) would be expected to be less than" t,     Tnl      perio'™'"* deviat.ons (99.9 

sions could be made given the SnTd^W«. ' ' "^ 0f S,a,iStiCal COndu- 

ffn, canFrbemfld
da::i:g

0in,S " ,he -, Pr09ram' a Sample """■ ^n. and sample deviation 

n 
V Xj/i 

an2 2     X: 
1 

Xn2 H 

two consUnkT^aTK^sich fhaf^' """^ ^ a 95 peran, "n«*™ ^ P™ide 

"-,   >   Kl-'n (95 percent confidence) 
and 

f/  1 <   K2 ^n (95 percent confidence) 

Since K2 is always larger than K,. the worst case results from selected  a 9   and this is 
the actual quantity listed as the estimated deviation range for future fl«-^2' 

worst cL^t^T STÄÄ*^ ^'f5 are alS0 avai,ab,e that ^^ a - given (Tn and the number of sample points N.   Specificallv   the tables 
prov.de a constant, K, at a confidence level of 90 percent where 

3^    =   K(7r (90 percent confidence) 

teZTXTr^Ko*™ data POinB Wil1 h™ * '*"* * P**™*«. deviation 

Table B1?6 ÄSta^ÄÄ SSX."-^'! Str""» data is ^-"«ed in 
•he expected range of £^£&&£%,% «ZZISS?. 'V^Jt & 
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deviation for a single data point is statistically zero, but give a large group of data points 
64 percent are expected to have deviations between -€£, and + (J„ .   For example, or^    ' 

«LfÄ ^nnnnT Table,B:1 is 79-7 Percent-    If altFtude hold^performance during level 
flight below 10,000 feet is of interest, the deviation range is expected to be 

(0.797)    x    50 feet tolerance   =   39.8 feet rms. 

TQQSQ6*4 perC!nto0«fothxe altitude hold data Points wil1 show altitude deviations between —da.ö feet and +39.8 feet. 
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APPENDIX C 

AGENCY AGREEMENTS 

T^S a,?£endlX C?ns.i,StS ^ three written agreements concerning PQM-102 flight operations 
over the White Sands Missile Range and Holloman Air Force Base.   Part I is a general agree- 
ment between the commanders of the Air Force Special Weapons Center and White Sands 
Missile Range on safety responsibilities for unmanned flights.   Part II consists of an opera- 
tiona  procedure which executes the philosophy stated in the general agreement (Part I) 
Hart III is an agreement on accident accountability between the Air Force Special Weapons 
Center, the Armament Development and Test Center, and the Air Force Contract Management 
Division.   There was no written agreement on operations between Air Force Systems Command 
and Tactical Air Commana. 
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PART I     RANGE SAFETY RESPONSIBILITY 

MEMORANDUM OF AGREEMENT 

1.  Purpose: This agreement defines the organization accepting supervisory 
safety responsibility for the unmanned (NULLO) phase of the PAVE DEUCE program 
beans conducted at Holloman AFB, New Mexico and White Sands Missile Range 
New Mexico. ' 

2      Scope: This agreement applies to all aircraft flights of unmanned PQM-102 
drones conducted as part of the PAVE DEUCE program. 

3. Reference: 

Interservice Agreement between the Commander, Air Force Special Weapons 
Center, and the Commanding General, White Sands Missile Range. 

4. Policy and Guidance: 

a. AFSWC will have full safety responsibility for that portion of the 
Tussion flight profile where the drone is approaching or over HAFB and outside 
tne IVSMR boundaries or within WSMR boundaries as defined in 4b. AFSWC will 
designate project test directors (PTD) at the Mobile Ground Station (MGS) and 
Fixed Ground Station (FGS) to execute this responsibility for each flight. 

(1) The AFSWC PTD at the MGS will be designated responsible: 

(a) from first motion at take off until the drone has completed 
first turn out of traffic pattern and is on heading for handover box. 

(b) from the establishment of final approach until stop at completion 
of landing. *-     r 

times 
(2) The AFSWC PTD at the FGS will be designated responsible at all other 

(3) The AFSWC PTD will have authority to destruct at all times that 
AFSWC is responsible for safety. 

b. WSMR will have full responsibility for that portion of the flight 
profile where the drone is within WSMR range boundaries except for that 
portion of WSMR territory traversed during final landing approach (to include 
only that area of WSMR east of WSTW coordinate line X«572,500 and north of 
HAFB and south of WS™ coordinate line Y-388.500.) WSMR will designate a mis- 
sile flight surveillance officer (MFSO) for each flight who will have full 
authority to destruct the drone or to take or require any other action which 
in his determination is necessary to carry out the WSMR safety responsibility. 

c. While the drone is within WSMR range boundaries: 

of WSNlR)MpSerefPOnSible AFSWC PTD " defined in 4(a) wil1 insure execution or WbMR MFSO instructions. 
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(2)    The AFSWC PTD at  the FGS win  h« WCUDI.  -■     , 
tran^itt« of MPSO instrucullVlll Z^oL^ilr" " """" '" 

d.s.ric5J tho'dJonri^a^oXlr^h^L^^H1116 "^o"""1« ^^C PTD »ay 
•Wltin, MFSO concurrence      U^d«/;^?      P»»-M»«l procedures »ithoit 
destruct action A"« 5^ bo^a^riithoit^^on.5 WU1 the ^ "ke 

gency conditions must be definZl .„j! "lt,">ut MFS0 concurrence.    These emer- 

WSMR and APSWC .1^.^^ ^o^r'^t0^-^! SSS^l^ ^ 

durinstake^ff^d f^IS"^.!' ^rx"" COntr01 ^ "*** "'P-nsibiUty 
and pSbiisKod^rLl J.^fSiVl«^^^ b"WMn "^ a"d "^ 

coordLteF°tord«f^°L^tU1 ü!?"-'' slt'«'"<'"S «SMR and AFSWC will 

procedures wiii b. pub.ished^t St."«^^»?^^1^   TheSe 

«tf- 

of re'ference"^ parag^pi™."1""' "^ *»  in ««"""■" «« «be provisions 

5. Terms of this agreement; 

WSMR :„d ^'cSESK! i^cffeciircha„e;eS
sir?h

by.the coramanding Generai' 
mutual consent. y     angeS t0 the docu,nent will be only by 

through cL^ttÄ this agreement may be changed 
inanon oetween WSMR National Range Operations and AFSWC-6535/ST. 

THOMH W. MORGAN, MG^JuSAF 
Commander 
Air Force Special Weapons Center 
Kirtland Air Force Base.  NM 

iifcAiMy   SS» 

R.. MG.   USA ARTHUR H.  SWEENEY, 
Conarn ander 
US Army White Sands Missile Range 
White Sands Missile Range. NM   88002 
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PART II     HANDOVER, EMERGENCY, AND EMERGENCY DESTRUCT 

PROCEDURES FOR PQM-102 MISSIONS 

1.    PaM-102 HANDOVER PROCEDURE 

a. Takeoff Phase 

Step 1:   Handover control from MGS to FGS upon entering Box A. 

Step 2:   Command  failsafe  ON upon entering Box B. 

Step 3:   Command UHF receiver OFF upon successful completion of Step 2. 

b. Landing Phase 

Step 1: Command UHF receiver ON upon entering Box C. 

Step 2: Command  failsafe OFF upon successful completion. 

Step 3: Handover control from FGS to MGS upon entering Box D. 

Step 4: MGS verify control by maneuver sequence. 

SteP ^   rST *?* ?ireCt0r a!.the FGS wil1 request Permission to proceed off 

Ä ^fflA8 e 6'000 yards from the White Sand"Se 

Step
 ^   Lfn^rn»Si0n t0. prOCeed 0ff ran9e is 9ranted by th« M'ssile Flight Surveil- 

lance Officer, the program test director becomes responsible for off range flight. 

c   Definitions of boxes are as follows (all numbers are WSTM): 

Box A: Y^ sioT^Ti^ii^r ^dA poi"'s pi,x - ™™ 
Bo, B:   Two s^jn,,. ^f*^™™^ Points P2 ,X - 625,0<X); 

Box C: ^iÄTJS tX'^^'y^^lpoin,s P*,x ■5,A50O; 

Box D: ^ arns %%™%t™!7™!>ttäipoin,s p=,x ■ "w86 
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2. PQM 102 EMERGENCY PROCEDURES 

In accordance with paragraph 4.e. of th8 Range Safety Responsibility Memorandum of 
n^WhT^Q TM   TTZed P°tential emergency situations that could arise during periods 
of White Sands Missile Range safety responsibility have been defined and procedures have 
been developed.   The narrative portion herein identifies procedures which will apply at all 
times during periods of White Sands Missile Range safety responsibility.   Table C 1 identifies 
procedures applicable only to specific portions of the mission profile.   These procedures may 
be changed only through prior coordination and mutual approval of the White Sands Missile 
Range NR-M and the 6585th Test Group (JT). 1 

a    For each flight test profile, White Sands Missile Range will identify a safety boundary 
specific to that profile.   Avoidance of encroachment of this boundary by the drone will over- 
ride all other mission requirements. 

Procedure: The drone controller will take any flight control action necessary to avoid 
encroachment of the safety boundary. 

The program test director at the FGS will notify the Missile Safety 
Surveillance Officer immediately if the drone flight pattern is broken 
to avoid safety boundary. 

b. In any instance where an abnormal flight condition is detected in the drone  the 
program test Hnwtnr at tK0 cnc ...:II 1..^. ^i_- 
Missile Fli 

_..,      Li.«« a'-""J,ma, '"y"1 i-unuiiiun is aeiectea m the drone, the 
jst director at the FGS will communicate this information immediately to the 
ght Surveillance Officer. 

OfficerDeStrUCti0n 0f the dr0ne Wil1 be at the discretion of the Missile Flight Surveillance 

Procedure:    Dependent upon situation. 

The program test director will monitor HEFU Arm indicator for warning 
of imminent destruct possibility. 

d. The MGS will at all times maintain failsafe ON/OFF command in same status as 
currently commanded by the FGS. 

Procedure:    The program test director will verify failsafe system status. 

e. If a fire is confirmed aboard the drone, placing the command control or safety systems 
in imminent jeopardy, destruct action must be taken immediately. 

Procedure:    Reduce throttle. 
Command dive. 
Command destruct. 
If failsafe system ON, switch all ground control stations to track mode. 

f. If drone landing cannot be accomplished safely at Holloman Air Force Base with the 
concurrence of the Missile Flight Surveillance Officer, an attempt may be made to'land the 
drone at Northrup Strip under the FGS control. 

Procedure:    The program test director will notify the Missile Flight Surveillance 
Officer of the emergency situation and request permission for emergency 
landing. "     y 
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If permission is granted by the Missile Flight Surveillance Officer   initiate 
landing procedure. 

If permission is not granted by the Missile Flight Surveillance Officer or 
if emergency landing cannot be executed, proceed with Missile Flight 
Surveillance Officer's instructions for destruct of drone over the White 
Sands Missile Range. 

g.   Loss of drone position display at King I. 

Procedure: The program test director will immediately obtain drone position data 
from the MGS and proceed with the Missile Flight Surveillance Officer's 
instructions. 

h.   Loss of drone position display at MGS. 

Procedure:    The program test director will notify the Missile Flight Surveillance 
Officer immediately and proceed in accordance with his instructions. 

3.   PQM-102 EMERGENCY DESTRUCT PROCEDURES 

In accordance with paragraph 4.c.(3) of the Range Safety Responsibility Memorandum of 
Agreement, the responsible Air Force Special Weapons Center program test director may 
destruct the PQM-102 drone within boundaries under specified emergency conditions without 
awaiting the White Sands Missile Range Missile Flight Surveillance Officer's concurrence 
These specified emergency conditions and the pre-agreed sequence of actions are defined in 

u6   m "•  Urder no other c,rcumstances will the program test director take destruct action 
within White Sands Missile Range boundaries without concurrence of the Missile Flight Sur- 
veillance Officer.   These procedures may be changed only through prior coordination and 
mutual approval of the White Sands Missile Range NR-M and the 6585th Test Group (JT) 
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PART III     PQM-102 ACCIDENT ACCOUNTABILITY 
MEMORANDUM OF AGREEMENT 

1       Fl APnsi;.     This  ncroomont  define,   the  organization acceptinr 

i -^ „      1:T      f'  0r dr0nes d"rinß thG Pbaa« of the "Pave De^ce" trograra conduetod at  Hülloaen AHi,   New Mexico. 

''     SCODi'     'Ulis  agreement   apnlics   to   ill   -lir^T-nff      i 

3.    RRFERKNCK8: 

9 July w™*™^  2b(13)'   AFSC  Smltmnt  1  to AFR 80-U.   dated 

5 Jun; mr"^ 9C(6)(a)'  AFSC ^^ ^  ^ ÄfR 127-4.   dated 

C     Paragraph.  9c.(3)   and  9e(4).  APR 127-4.  dated 1 January ]973 

n otlo^im    ieCter,   "^"^ ACCidCnt A—tability." dated 

for  u.e S n113   i^^ ^'^'^  r^orti^ ™*  investigative responsibi 1'■ t u 

j     i,i   ^   r L  0ne  VOtln« lnembtr  each appointed   to AcciacL t / 
iu.id.nt   Investigation lioards  if  requested by  the  Conlauder    AFSWr 
LUa Conuuander,  AUTC ^onuncinüci ,   AFSWL,   iiuu/or 

b. if an aircraft,   drone,   or rais.sile mishap  occurs    AFCMD will 
.-^r.  rcspouSilj>iiiLy   for AFCMD or contractor  pLonnel'a™ plural 

c. H" an aircraft,   drone,   or mfssile mishap occurs    AFSWr win 

ur personnel under  the supervisory control of AFSWC. 

.-.- '■'^I'n^i^ziz^]: TZu:r- A"r,; "uj 
LtHJ   SK). wi*i.t«ß   in  tlic  de.sfgn  aa   ai-proved   by 
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p.     Accident  ac.couiU.ahility will  be  assigned by   the mishap 
Lnvu.iCigaklng oLCico.r/bo.ird to the organisation most responsible for 
the  ..liühap. 

5.     TERMS OF TtlTS ACRF.KMENT.     This agrcctncnL  is nffoctivp when signed 
by   the Coinm.iiidor,  AFCMU,   the Commander,  Al'SWC,   and  the  Commander,  ADTC. 
Any cttanßUil  to tbc document: will be only by mutual conr.cnL. 

^L-- 
UUC'llMiAN,   Jir~ ^THOMAS  W.   Mül 

• (s 
HKMYtyi. 
klj   Uo.n,   USA)' 
Coinm.iiidor,  Armament 
Development and Test 
C.ni cr 

fcÄN Q 
Maj   Gen,   USAF 
Conimander,  Al" Special 
Weapons Center 

DUNALl) G.   NUNN 
Maj  Gen,   USAl1' 
Commander, AF Contract 
Management Division 
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APPENDIX D 

PQM-102 TARGET SYSTEM RELOCATION 

i.    At the completion of the DTÄF/m-roc    « 

of the development resour es were re ocafed ÄÜ H0,,0man Air Force B™. the majori^v 
at Tyndall Air Force Base.   These deSlnt ^ t

prirT1ary ^rget system operating locSn 
space vehicles; ground control ^Ufpmwt CrL^nS™^ 0f QF-102 ^ PQM-102 aero- 
aircraft equipment spares; and F/PQM t02 WCuK test/ch.ckout equipment; 

eauPnmpn;'3^ 1975 and was ^P'^d byP1 M8reh1i7ßThÄ ma^ ^cation effort began 
So OF in9WaS Pr?ared and tra^ported; l^o POM 102 a^criJt      9 th,S Period' the suPPort two QF-102 aircraft were ferried- and the JhiHoc     / aircraft were re-manrated and ferried- 
operationally verified at Tyndall Air Force Base.5 ^ SUPPOrt ^'V™™ were setup and     ' 

IO^^^^TA^:^" -" the PQM-W SPO   the Air Force 
The PQM.102 SPO Pro^^ , ^^^^^ Center, and the prime'conractor 
the procuring and funding of transportation   nrnv^PPt for the Nation effort includina 
directmg the system setup9 and Sffi aTVÄf AV^^/^ engineering support  an

9d 

Kt^lTT D,Visi0n provided coordina ion for a loct   Hollnm BaSA-   Ihe Air Fo^ Contract acted as the government on-site reorespntatiwo J "»'toman Air Force Base suooort anri 
contract requirements.   At TyndXTpor^ BLT^110!.^ ^anrating effort and other 
for local support and provided coordination on maVtthe Al

1
r Defense WeaP°^ Center a?ranqed 

ments, and Procedures demonstratbrfotSetaraPt^^ t0 faci,it'es- operatiLal requte- 
contractor provided the following support 9    SyStem actlvation-   The pHme system 

a-   Prepared an inventory of all equipment to be relocated, 

b.   Took down and prepared equipment for shipment. 

equipment60 ^ ^ Se,eCted ^^"t inc.uding the MGS and various RF laboratory 

d.   Assisted in the loading/unloading of transportation vehicles 

e-    Unpacked, setup, and operationally checked the relocated equipment, 

f.   Coordinated with the PQM-10? qpn ™ „ 
tions to re-manrate the PQM-102 aircraft ProcedureS and prepared modification instruc- 

g.    Re-manrated the PQM-102 aircraft. 

Tyndall'r^rcrBalr160 ^ QF/PQM102 ^ ^ Holloman Air Force Base to 

SysiemtSrJith ^SiZ%tSST^ ^ t0 ^ ^ ^m Target 

effortsSntrrÄSn.9^"-" a9encies * '-rface contractor and government 

(i) e^iP^Vp^eSSran^t^ organized into two functional areas- 
synopsis of these tasks is as follows: ' ^ a,rcraft P^Paration and ferry.   A bS 
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a. The major portion of equipment preparation was the disassembly and securing of the 
larger items including the non-power AGE, the external antennas and consoles on the MGS, 
and the system test benches and related equipment in the RF laboratory.    In addition, the 
bits and pieces of spare materials and equipment in the contractor's supply area required 
packing and crating by government provided support.   The total time required to prepare 
the equipment was approximately 10 work days. 

b. To transport the equipment, requests were submitted for opportune airlift on C-130 
aircraft through the Air Force Reserve.    Due to the general non-availability of opportune air- 
lift support, only one load of equipment was transported by C-130 aircraft.    The remaining 
equipment was transported by surface shipment which included four electronic van and four 
flatbed truck loads.   The average intransit time to transport the equipment was three days. 
The total transportation cost for the relocation of equipment to Tyndall Air Force Base was 
approximately $14,000, with the electronic vans costing approximately $2,200 per load, and 
the flatbed trucks costing approximately $1,300 per load. 

c. To re-manrate the PQM-102 aircraft, the following general tasks were accomplished: 

(1) The FCSS pallet was removed. 

(2) Provisions for emergency and normal landing gear systems were installed. 

(3) The ran air turbine, control stick, seat and egress system, and flight and 
navigational instruments were reinstalled. 

(4) Miscellaneous drone peculiar hardware were secured and the cockpit cabin 
was sealed for pressurization. 

(5) Various affected aircraft systems were operationally checked in accordance 
with standard F-102 Technical Orders and an abbreviated functional check flight was 
completed on both PQM-102 aircraft. 

The above tasks required approximately 260 manhours per aircraft and were completed in 
11 work days. 

d. The two QF-102 aircraft, FAD 602 and FAD 603, were ferried on 6 February 1975 
and the two PQM-102 aircraft, FAD 605 and FAD 608, were ferried on 19 February 1975. 
The ferry flights were accomplished without incident and all aircraft arrived at Tyndall Air 
Force Base in commission. 

4.   The operational verification at Tyndall Air Force Base began on 18 February 1975 with 
formal transition of target system to the Air Defense Center on 1 April 1975. 
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APPENDIX E 

FINAL TEST REPORT OF QF/PQM 102, PROJECT PAVE DEUCE 

Proiec, PAVE DEUCE and 7u sZ^T^rt^ZT^VSilXT^T^'r- 

HVAR ,.,„„, .ere lÄ«,0"^ Ä^^^^Ä^ÄÄ^'"' 

1.    OPERATIONAL RESULTS 

statrsti/iflh^l.3' mSilS'fired ^Äl^ÄlOS^St^ ^T'* ^ mOSt si9nific-t 
only to the PQM-102 missions scheduled PQM-102 mission.   Table E-3 cancellations refer 

f.yinb
g .ÄÄTFÄSf PT^ZZXö:J (31

f i
anuary-1975, of Q^°"* 

the third was the unsuccessful recovery of PQM-102, FAD 601*? Sllm^Afp^^ 

BaSe%oyhpeQS0irS2ngFAif eo"5^^ T 'IT fli^ht at Hol,0man Air F— 
first target presentation exactiv as ol/nnpd P Th   H d Wel1 ^ pr0V,ded a maneuver for the 
the first hot firing H warde^oyed0' 0ne WaS h,t bV the AIM-9L missile on 

tional ^Ä^mläo^ ÄÄ^#J^        met the -P^ented opera- 
early in the flight, the dro^succesXllv accomnlkS 1 T0' 9Vr0 COmpass prob,em e™^ 
missile firing resulted  n SiaS tT^t L?SÄmJ ^ S*^ Presentations.   The second 
trollable and' recovered at HolLan Sr Fo^ce Base   '    0f ^ dr0ne-   The dr0ne Was con- 

men" toZ^L^XmZSlmmZJ^ Ä ?aSe T^ hampered bV ^e require- 

final day of operation   perm tted mLimnm 9. J   . 9' ""A.8.1 was demonstrated on the 
in a single day Perm|tted maximum operational capabilities by allowing two launches 

2.    DEVEi OPMENT TEST TASKS 

a.    PQM-102 Mission Evaluations: 

the tiÄinÄX01 ComXe P^nöT ^^t?* the pr09ram moved ^ 
flight.   No attempt was made to Ä ÄJate iÄl^S d

t
ata Were riCOrded for each 

with a strip chart of the drone's ZrinLJn^T        .uV data except to Prov,de the shooters 
all target present t°onm^^ ^ ["Wi launch.   As 
ance), only qualitative oKti^ vw^^Xi    51.1 KM? .?* the PQM-102 Perform- 
comments relative to the PQM-102S ^aTT. ^^1^4 »^^^75. 
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Date 

1 Oct 74 

8 Oct 74 

4 Dec 74 

5 Dec 74 

22 Jan 75 

29 Jan 75 

TABLE E-2.    PAVE DEUCE SCOREBOARD 

Missile 
POM-102 Missions 

Scheduled             Flown Fired 
Results 
Hit Kill 

AIM-9J 

AIM-9L 

AIM-7E-3 

14 

7 

3 

11 

6 

1 

21 

8 

2 

2 

4 

0 

1 

3 

0 

Totals: 24 18 31 6 4 

TABLE E-3.   CANCELLATIONS 

Missile 

AIM-gj 

AIM-9J 

AIM-7E-3 

AIM-7E-3 

AIM-9J 

AIM-9L 

Contractor Weather 

X 

X 

Totals: 

X 

X 
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HEFU 

Both failed 
checkout 

Both failed 
checkout 
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I 

.nor t.
Concl!;sion:   The PQM 102 target presentation flights have been verv successful    THP 

operating and emergency procedures were complete and effectiveVSsed    Svstem ri^inn 
redundancy should provide the necessary safety' margin for ^eM^etd e'SttS 

b.    Evaluation of LAMP Systems with FGS in Control: 

near to^toritT^^^Sg 0n * ™P™* ****** **** on 23 January ^75 
and the^emperalur'e JS^'J^^Z^**   The Weather WaS clear' no ^urLlence, 

designed80^ iTo^ZSS^Z^T' ^ ^   ^ SyStem ™^ aS 

Maneuyer_One:    Radar Altitude 

Airspeed 
Degree Roll 
Descend to 
For Seconds 
Up Pitch 

Planned 

0.8M 
0 degree 
500 feet AGL 
30 
+30 degrees 

Maneuver Two:    Barometric Altitude 

Airspeed 
Degree Roll 
Descend to 
For Seconds 
Up Pitch 

Planned 

0 degree 
4600 feet AGL 
30 
+30 degrees 

Actual 

0.79M 
0 degree 
485 feet AGL 
30 
+28 degrees 

Actual 

0.78M 
0 degree 
4500 feet AGL 
30 
+28 degrees 

In summary, the LAMP systems work completely satisfactory under FGS control, 

c.    Nose Wheel Steering Modification: 

mod.fed c.rcu.t cont.gurat.cn was incorporated into two QF-102 aircrahTor evaluaS 
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?iinh Tt . nOSe
1 

Wheel Steer,ng contro1 was evident in both aircraft    Taxi tests and 
fl ght tests were conducted on both aircraft to insure that skid commands Tthe landina/take 
off mode did not adversely affect flight performance in the takeoff and TanSinTphase    No 
abnormal flight performance was noted for either aircraft although taxi tesJs revealed sliah?lv 

s^aSlv"?« Wh?l.Steerin9 reSp0nse from one aircraft than demonstrated by the other ^^ 
slightly different taxi response was determined to be the result of differenrP. inhPrpnt in thl 
nose wheel steering systems of the two aircraft. differences inherent in the 

d.    Evaluation of 8g Maneuver: 

hilitv Jt^ DT&E.S0W called for %• PQM-102 aircraft to demonstrate an 8g (±0 5q) capa- 
IOT&E     FHnhKTnr r^00^ 19-   ThLS Capability was demonstrated during the AIM-9L 
3° January 1S75 P ^ ^ 15 JanUarV 1975' 30 JanUarV 1975' af'd ^o sorties on 

Two techniques were used:    For low aspect angle shots, the maneuver oroarammPr 

Figure E-1 shows g histories of these two techniques.    In the low aspect case  annrn*! 
rhPhL8 SeC0':dS wer^required to -"each 8g.   Terminat.on was causedTy aTone hit    In 
T?. JSnTSS CaSe' 22 Sf:conds

1
of 59 turn with buildup are shown (the^rogrammed va"ue) 

The drone then increased its bank, where 10 seconds of stable 8g were demonstVaTed 

ch^t   A^ !hnTn Jn b0th cases' the svstem demonstrated an excellent 8q capabilitv    Over 
shoot and ±0.5g dev.at.on appear to be within specifications although the trace is auiSnoisv 
AH the aoove results were substantiated by the other presentatio^ The onirpossible prob^ 
^m is performance at med.um altitudes.   All flights except one, took place ^10^8500 feet 
MSL   The one 8g presentation above 8500 feet (20,000 feet) was terminated by a missile 

e.    DPN-82 Transponder Evaluation: 

nrnhi0J
ht obi(Lctive ^as to evaluate the DPN-82 transponder for EMI/EMC No EMI related 

proWems have been observed on the NULLO missions flown to date. Operation of tLoPN 

fnnrt rrif,ed.0n Serral NULL0 fli9hts-   Contact with Holloman Air Force Ba^RAPCON 
es   eauiomemTnht3 T' S'm/ fr0m the DPN-82 in each case-    RecomLndVoSnd test equipment be obtained in order to insure proper operation of the DPN-82. 

f. Evaluation of FGS Control over South End of White Sands Missile Range. 

Iniieduslimi:    Data was requested to evaluate the ability of the FGS to contrnl 3 

QF-102 Aircraft, ^AD 603 

FPS-16 Radars R-122D/123D Control, R-113D Skin Track 

No MGS; FGS fully operative 
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High Aspect Case 

Figure E-1.   8g Maneuver 
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Qjiective:    Fly multiple tracks on a north to south run-in to LC-34 intercept area 
at 700, 500, and 200 feet AGL and ascertain position and time of all LOC and data loss. 
The White Sands Missile Range X-Y plot was to be annotated when either or both control 
radars lost control, track, or data. 

Flight Conditions:    Date - 12 December 1974; Technical Order - 1440L; Weather - 
clear; Temperature - +53 degrees Fahrenheit. 

Mission Comments:    After manual takeoff by the safety pilot, the aircraft made two 
orbits of Northrup Strip to enable the radars to acquire and lock-on.   After acquisition   the 
runs began: 

Run 1: 700 feet AGL; data and control remained solid. At 7 to 9 nmi from the 
intercept point, track became unsteady, R-122 lost data, and the run was terminated. 

Run 2:   500 feet AGL; data, control, and track remained solid. 

Run 3:   200 feet AGL; again, solid data, control, and track. 

Run 4: Sufficient time and fuel enabled a fourth run. The track was moved west 
to determine any interference of the ridge line or mountains; 350 feet AGL; again, 
solid data, control, and track. 

Conclusions:   Run 1 was prematurely terminated.   Data was lost on R-122 because 
the radar operator did not follow the drone.   On subsequent runs, both operations followed 
the drone at all times. 

Both control radars appear satisfactory for presentation purposes, given a down-range 
radar is available for skin track. 

Any proposed low-level track should be planned and test-flown to assure that no 
ground towers would impair a safe operation. 

3. GENERAL COMMENTS 

a.   UHF Communications at King I 

UHF communications at King I presented the worst problem and the one which 
occurred most frequently throughout the Holloman Air Force Base/White Sands Missile 
Range phases.   Several letters, detailing the instances and nature of the difficulties, have 
been sent to White Sands Missile Range.   Any future plans for PQM-102 missions at White 
Sands Missile Range must take into consideration the limited capability of King I for UHF 
communications. 

b.   QF-102 Operations During Operational Phase 

Contractor niointenance support deteriorated to the point that OF-102 aircraft use 
for shooter captive flights was unsatisfactory and unreliable.   At least three captive flights 
had to be flown using F-4 shooter aircraft as the target.   Future PQM-102 aircraft use 
should consider QF-1Ö2 aircraft support as integral to the system's suceess. 

4. QF/PQM-102 TARGET SYSTEM OVERALL PERFORMANCE SUMMARY 

The OF/PQM-102 Target System overall performance data is presented in Table E-5. 

■ 
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APPENDIX F 

SAMPLE 48-HOUR FLIGHT TEST PLAN 

FOR QF/PQM-102 AIRCRAFT 
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night NC <?^-r-? ?toiiU _o*£CA) 

Aircraft Serial Mumber       /3V7 Call SlgnLg«W ggU 
Alternate Aircraft Ho.  Call Sign 
OMM Aircraft No.  call Sign "Z~~ 

Mission Commander      WooJ> " 

teftif Pilot    PFAKCF W1"10« Brl^« pARKg-R/rorrg/ 

ch-. puot M£Mä££     Brle£ln8 T1M 0TLrM^7i 
MCS Elevator Station     FA R K £?/?        Takeoff 

.    .                           ^   -    „ ^  ^       Scheduled          /JOOlj9rJl/yt 7f 
tudder Station GtOffr^ /r

Ii<B>    f Datt 

Radar Operator W/Z. I<ttSS 

Af lap resent atlvc ^A^ iT^H 

PCS Control Position 1 7"b T TST.V 

Control Position 2 W^O^ 

If Representative f-IV\ LATTA^ 

Objectives: 
APPROVALSs 

• Remote Takeoff and 
Landing 

• Control Transfer __> _ 
• LQC Sequence Above Chlsf PlloT 

Lower Reference Alt. j     S\       /) 
t   Airspeed and Mach 'l     fL *    H,   . /   J 

Ältitide^Jid^n Turns ^-P««^«^. oi. 
• Jingle-Phase Progranuned 

Maneuver 
• Heading, Altitude, Airspeed, 

•nd Mach Hold ' 

Ooedtoaated vitk RTO   ^LaLg|E2i LSS^ 
^•U xIK  
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INITIAL DISTRIBUTION 

DDC 2 
USAF/XOOFA 2 
USAF/RDPA 1 
USAF/RDPQ 1 
Sperry Flight Systems 8 
AFSC/SDWA 2 
AFSC/DOS 2 
WSMR/STEWS-TE-HM 4 
AFCMD/FO 2 
AFCMD/OL/CC 2 
AL/AMSMI-TM 3 
AF IG/SE 2 
ADWC/TEU 4 
ADWC/LGW 2 
DCASD, Phoenix 2 
Det 2, AFCMC 2 
TAC/DRA 1 
ASD/SD 1 
ASD/MMES 1 
AFFDL/FGD 
ADC/DOV 2 
ADC/SE 1 
AFTEC/TE 2 
6585 Test Gp/XO 8 
TAC/DRR 1 
San Antonio ALC/MMCO 4 
Oklahoma City ALC/MMEMH 
National Guard Bureau/XOO 2 
AUL/AUL-LSE-70-239 1 
AFSC/IGF 2 
ADTC/SD 2 
TAWC/TEFA 

25 ADTC/SD 102 
AFATL/DLOSL 2 
AFATL/DLM 4 
ADTC/TGO ^ 
ADTC/TG 1 
ADTC/TS 2 
ADTC/CS 1 
3201 ABG/HO 1 
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